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mRODUCTION AND S W Y  

The Orbiting Experiment fo r  Study of Extended Weightlessness is  
under the direction of D r .  Walton L. Jones, M. D., Director of the 
Biotechnology and Human Research Division, Office of Advanced Research 
and Technology (0AFiT) , Headquarters, NASA. M r .  Warren Guild, Chief of 
the Space Flight Projects Branch, Special Programs Office, OART, i s  
responsible f o r  program direction i n  regard t o  spaceflight considerations 
of the program. The objectives of the program are t o  provide: 

o Physiological and psychological data applicable t o  extended 
manned space f l igh t s ,  par t icular ly i n  regard t o  possible 
subtle effects  of extended weightlessness 

o Scaling factors  f o r  long-term l i f e  support requirements i n  
the weightless environment 

o Long-term l i f e  support component and system performance 

To t h i s  end, the primary goal of the  program i s  t o  place two primates 
i n  low-earth orb i t  f o r  a period of six months t o  one year, and t o  recover 
them al ive a t  the end of the mission. Following t h i s  o rb i t a l  exposure, 
the primates w i l l  be subjected t o  exhaustive ground-based laboratory examina- 
t i on  and observation t o  obtain fur ther  data on weightlessness effects .  

The baseline Orbiting Primate Bcperiment (OPE) i s  planned t o  be carried 
as part of an independent spacecraft which i s  comp1etel;y self-sustaining 
during the period between orbi t  injection and animal retr ieval .  In t h i s  
baseline mission, one of the Apollo Applications Program (AAP) f l i g h t s  i s  
assumed t o  provide the  launch vehicle. A t  the end of the s i x  t o  twelve 
months mission duration, the experimental animals w i l l  be returned t o  
ear th by the Apollo Command Module of a subsequent AAP f l i gh t .  The experi- 

The following al ternate  mission option groups have also been explored 
and found t o  be feasible  f o r  the conduct of the experiment: 

1. Experiment docked t o  the Orbital  Workshop (OFJS) Multiple 
Docking Adapter (MDA) 

2. Experiment instal led i n  the 014s Multiple Docking Adapter/ 
A i r  Lock Module (MBA/NYI) 

3. Experiment instal led within the OWS S-IV-B Stage 

11.. Use of uslmanned Titan launch vehicles t o  place the payload 
into orb i t  where it would e i ther  go into solo orbit ,  dock 
t o  the MDA, or station-keep with the OldS. 



5 .  Use of unmanned Titan or Sat launch vehicles t o  place 
refurbished and modified Apollo C d Modules, containing 
the experiment, into orbit .  

In options 1, 2 and 3, the primates are  returned t o  ear th in  a manned 
Apollo Cormnand Module. In option 4, the recovery capabili ty i s  extended t o  
include the use of modified Discoverer re-entry capsules. In option 5, the 
refurbished and modified Apollo Command Module i s  used f o r  primate recovery. 
These mission options are described i n  greater d e t a i l  in Ref. (1) and (2).  
Options 4 and 5 described above are the same a s  Modes A, B, C, and D in  
Ref. (2). 

Since the payload conceptual design f o r  a l l  mission modes i s  the same, 
and the payload is  the pacing development item, the Lockheed Missiles & Space 
Company w a s  directed t o  undertake the development of a payload Technical 
Feasibi l i ty  Demonstration Model (TFL~~)  a s  the major e f fo r t  under NASA 
Contract NAS 1-8200. 

The TFIM consists basically of a cyl indrical  cage 34" i n  diameter and 
48" high equipped with automatic feeding and watering systems, and a passive 
waste management system using a phosphoric acid impregnation t o  absorb 
ammonia. Two cage airflow levels are  provided: 200 cfm fo r  normal operation 
and 2000 cfm f o r  periodic cage cleaning. With the higher f l o w  r a t e  a greater 
assurance is  provided that the primate's waste products w i l l  be transported 
t o  the  passive waste management system. Oxygen, CO H20 and t race  contami- 
nants are controlled by a fixed bleed of 12 cfm in-% and out of the cage. 
Total pressure i n  the cage is  approximately 14.7 psia and temperature con- 
t r o l  is  +l0I?. The Lockheed TFIM is bu i l t  t o  house one primate and t o  inter-  
face w i t E  the Northrop TFm, which also contains one primate. The two units 
are  interfaced a t  a LO" wide, 18" high, soc ia l  window having 114" ve r t i ca l  
bars t o  allow the primates t o  have physical contact but not access t o  each 
othert  s cage. 

The primatet s food i s  pelleted Furina Monkey Chow; the water supply 
i s  f i l t e red ,  heat-steril ized, t ap  water. 

during a 14-hour work period; he i s  rewarded with food or water f o r  correct 
responses. Manual override capability i s  provided t o  a l l o w  feeding and 
watering the primate, regardless of h i s  performance, i f  t h i s  i s  desired 
o r  required. 

Illumination in the cage i s  simulated daylight f o r  the 14-hour work 
period, with an intensi ty  adjustable between 15-35 f t  candles a t  the cage 
floor. 

Instnunentation i s  provided t o  record ECG and body temperature data 
telemetered from the primate, body mass, and primate ac-bivity and vocali- 
zation events. High resolution video covesage i s  provided from a camera 



mounted i n  the top of the cage. This camera has pan, tilt and zoom 
capabili t ies.  A fixed, side-mounted, wide-angle camera i s  also provided. 

are made t o  automatically retr ieve the primate from the  
large (34" diameter) cage in to  a small (14" diameter) re t r ieva l  canister.  
This i s  accomplished by automatically rol l ing up a th in  s ta inless  s t e e l  
l i n e r  within the large cage u n t i l  it matches the diameter and location of 
the r e t r i eva l  canister opening. A pneumatic actuator then gently elevates 
the primate into the canister fo r  r e t r i eva l  at the end of the mission. In 
t h i s  system, provisions are  made t o  handle an expired or disabled primate. 

While the  hardware was not meant fo r  f l i gh t  use, careful a t tent ion was 
given t o  two areas especially v i t a l  t o  such hardware: (1) corrosion protec- 
t i on  and (2) f i r e  prevention, In the l a t t e r  instance, the NASA Non-Metallic 
Materials Design Handbookwas used as  a guide i n  selection of materials of 
construction, and flammability t e s t s  were conducted on suspect materials. 
In addition, a quick-release animal escape port was provided. National 
Sanitation Foundation Standards were used as guides i n  the design of the 
hardware. Cracks and crevices were minimized by welding and potting, and 
the equipment generally designed f o r  ease of cleaning. 

During the early design phase of the program, a number of c r i t i c a l  
hardware elements were identified f o r  which development t e s t s  were required 
e i ther  t o  ver i fy  design assumptions or  t o  provide additional info&ion 
f o r  final design. These t e s t s  covered the areas of (1) the load required t o  
force the  piston into the re t r ieva l  canister, (2) cage l i n e r  retract ion 
mechanism, (3) feeder mechanism, (4) food t ab le t  vibration, ( 5 )  behavioral 
task  lever  operation, (6) television system and lens selection, and (7) bio- 
medical monitoring system, including antenna array development. 

The food tab le t  vibration t e s t  was f o r  the purpose of ensuring t h a t  the 
t ab le t s  themselves could withstand the  launch vibration environment. Due t o  
the  re la t ive ly  hard coating on the tab le ts  and the t ab le t  hardness i t s e l f ,  
the t ab le t s  survived vibration tes t ing  without significant deterioration. 
The other developnent t e s t s  generally exposed a few basic problems and pro- 

tha t  re la t ive ly  few problems were encountered with the equipment in i t s  
f i n a l  configuration. 

Following equipment fabrication, a number of system t e s t s  were con- 
ducted t o  ver i fy  the operabili ty of c r i t i c a l  systems prior  t o  acceptance 
test ing.  The following system t e s t s  were conducted: 

1. Primate/equipment interface t e s t  t o  ver ify the compatibility 
of the p r i m t e  with the cage, cage l iner ,  social  window, 
behavioral task panel and side TV port. 

2 ,  Mass measurement system t e s t  t o  determine the accuracy of 
measurement using calibrated weights as a basis,  



3. Feeder vibration t e s t ,  wherein a f loaded feeder was 
vibration-&ested in a l l  three axes in  accordance with 
expected enviromental conditions a t  the feeder during a 
Saturn lB launch. 

4. M e d i a t e l y  following vibration testing, an accelerated 
l i f e  t e s t  of the feeder was conducted t o  demonstrate the  
capabili ty of the feeder t o  dispense a one-year supply 
of tablets .  

5. An accelerated l i f e  t e s t  of the watering system t o  demonstrate 
i t s  capabili ty t o  dispense a one-year supply of water. 

6 .  Illumination and TV demonstration t o  eva lmte  general 
performance and t o  determine the effects  of illumination 
leve l  on the quality of the video picture. 

7. Electromagnetic interference (EMI) tes t ing  of the biomedical 
and ac t iv i ty  monitoring systems t o  determine t h e i r  suscepti- 
b i l i t y  t o  EMI. 

8. Behavioral prograwner demonstration t o  evaluate the capabili ty 
of the behavioral programmer t o  f'unction sa t i s fac tor i ly  while 
connected t o  a l l  of i t s  interfacing equipment, e.g., t a sk  
lever assembly, exerciser, feeder, waterer, and noxious 
stimulus system. 

Results of the system t e s t s  shared tha t  the equipment was compatible 
with the primate, t ha t  the feeder and water systems (a f t e r  some modifica- 
t ions)  would operate sa t i s fac tor i ly  f o r  long-term runs, that the feeder 
could withstand the  Saturn lB launch vibration exposure without any de t r i -  
mental effects ,  t h a t  the illumination and TV viewing systems were fu l ly  
adequate, t h a t  the behavioral programmer ( a f t e r  some modifications) was 
compatible with i t s  interfacing equipment, t ha t  the  biomedical monitoring 
system demonstrated some sens i t iv i ty  t o  electromagnetic interference and 
tha t  the mass measurement system, as i n i t i a l l y  installed,  did not provide 
the requisi te  accuracy, The magnetic ac t iv i ty  monitor was found t o  be 
activated by solenoid and switch operation; consequently, t h i s  system was 

After corrective actions based on the above resul ts ,  an acceptance 
t e s t  was conducted at LMSC using the NAMI supplied primate, During t h i s  
t e s t ,  a11 systems were functioning except the  ECG and temperature telemetry 
systems, and the magnetic and field-strength ac t iv i ty  monitoring systems. 
Except f o r  the interference problems with the magnetic ac t iv i ty  monitor, 
noted above, t h i s  was in  accordance with the contract requirements which 
called f o r  implanted primate subjects t o  be used only f o r  the NAMI t e s t s .  



During the  accep-tance t e s t ,  the primate learned h is  behavioral tasks 
quickly and achieved considerable proficiency. Two adverse primate reactions 
were i n i t i a l l y  noted: (1) a reluctance t o  use the telescoping exercise device 
and (2) lack of the desired response t o  the avoidance task (entrance in to  
the r e t r i eva l  canis ter) .  As the t e s t  proceeded, item 2 was cleared up 
completely and some improvement was noted i n  item 1. 

The mass measurement system did not i n i t i a l l y  perform within the 
desired 1% accuracy, but modificakSons were made during the acceptance t e s t  
which corrected t h i s  problem, The p r h a t e  presence sensor was intermittent. 

No problems were encountered during t h i s  two-week t e s t  period with the 
feeder, waterer, a i r  circulation and temperature control, waste management, 
video, or behavioral equipment. Upon re t r i eva l  of the primate a t  the con- 
clusion of the t e s t ,  one of the cage l i n e r  positioning te thers  malfunctioned 
but cage rol lup was successfully accomplished. The pneumatic actuator l i f t e d  
the  primate in to  the r e t r i eva l  canister,  but fa i led  t o  e f fec t  a canister 
s ea l  due t o  misalignment problems. 

Prior t o  shipment of the  hardware t o  NAMI, the following items were 
corrected and/or successfulLy demonstrated: 

1. Fan A P  switch inoperative. This was due t o  incorrect plumbing 
of the AP switch. 

2. Replacement of the "calibrate" and "run" potentiometers on the 
mass measurement readout panel with higher quality hardware. 

3.  Ins ta l la t ion  and checkout of the  animal core temperature readout 
system. 

4. Ins ta l la t ion  of a sound attenuator and AP probe f o r  the redundant 
200 cfm fan. 

5 .  Replacement of the cage l ine r  te ther  which f a i l ed  during the  t e s t  
and correction of the cause of f a i lu re  (absence of a b a l l  on the  
mounting end of the te ther) .  

7. Provide the necessary logic t o  have the exerciser cue l igh t s  
a l ternate  "ontt and "off" as a function of desired handle stroke 
positions. 

8. Demonstrate, with a primate, t ha t  the re t r ieva l  canister door 
w i l l  l a tch  into the closed position. 

9 .  Demonstrate that the modifications t o  the "primate i n  canister" 
indicator o p r a t e  sat isfactor i ly .  

10. Calibrate and i n s t a l l  markings on the exerciser position meter. 

11. Replace the ECS exhaust ducting with seU-extinguishing material. 



Following d e l i v e r y  of t h e  Lsckheed TFDM t o  the  Naval Aerospace Medical 
I n s t i t u t e ,  Pensacola,  F lo r ida ,  t h e  pr imate capsule was loca t ed  in an acous t i c  
and RF a t t e n u a t i n g  room, and connected t o  t h e  Northrop TFDM a t  t he  s o c i a l -  
window i n t e r f a c e .  The con t ro l  console was connected t o  t h e  NASA/NAMT 
record ing  equipment. The water System was g a s - s t e r i l i z e d  and charged wi th  
l o c a l  t a p  water  which had been f i l t e r e d ,  s t e r i l i z e d  and t r e a t e d  with sodium 
hypochlor i te  t o  achieve a  f r e e  ch lor ine  r e s i d u a l  of approximately 0 .5  ppm. 

The pr imate ( 2 ~ 4 )  entered  t h e  Lockheed capsule on Friday, 24 October 
and the  t e s t  was s u c c e s s f u l l y  concluded on 18 December 1969. 

A summary of major t e s t  r e s u l t s  i s  shown below: 

1. Cage temperature remained wi th in  + 1'~ of t h e  77OF s e t  po in t .  - 
2. Water a l i q u o t s  were checked before  and a f t e r  t he  t e s t  w i t h  

t he  fo l lowing  r e s u l t s :  2.880 m l  (before)  and 2.879 m l  ( a f t e r ) .  

3 .  Primate h e a l t h  a f t e r  t h e  t e s t  was good and he had gained 
about 5% i n  body weight dur ing  t h e  t e s t .  Cor re l a t ion  between 
animal weight and mass measurement system ind ica t ion :  
7.365 Kg a c t u a l  v s  7.4 Kg as ind ica t ed  by the  mass 
measurement system. 

4. Primate major locomotion a c t i v i t y  was p r imar i ly  f r m  t h e  
f l o o r  a r e a  t o  the  r e t r i e v a l  c a n i s t e r  and back. 

5. Hair l o s s  on t h e  primate was l e s s  t h a n  it appeared t o  be 
v i a  video viewing. New h a i r  growth over s u r g i c a l  a r e a s  
was approximately 1" long. 

6 .  The primate d id  a good d e a l  of p ick ing  and chewing on t h e  
cage and apparatus;  he was able  t o  p ick  ou t  one rubber  
s e a l  used i n  t h e  r e t r i e v a l  c a n i s t e r .  

There was a n  undes i rab ly  l a r g e  f e c a l  waste bui ldup i n  t h e  
r e t r i e v a l  p i s t o n  a r e a .  

The exe rc i se  u n i t  d id  no t  appear t o  be c o n s i s t e n t  i n  r ega rd  
t o  t he  opera t ing  f o r c e  requi red ,  and the  f o r c e  r equ i r ed  i s  
l a r g e r  t han  des i r ed .  

During t h e  t e s t  t h e  t o p  viewing TV camera d id  n o t  provide  
the  q u a l i t y  observed p r i o r  t o  d e l i v e r y  t o  NAMI. This 
problem was recognized e a r l y  i n  t h e  t e s t  and a dec i s ion  
was made t o  proceed, us ing  t h e  combined t o p  and s i d e  TV 
views f o r  animal coverage. Following t h i s  t e s t ,  t he  



e n t i r e  camera system was re turned  t o  t h e  manufacturer 
f o r  complete s e rv i c ing .  

11. The capsule  exhaust-gas odor l e v e l  was objec t ionable  
t o  t e s t  personnel bu t  t h i s  had no apparent  e f f e c t  on 
t h e  pr imate.  Inc lus ion  of t he  ECS charcoa l  i n  t he  
waste management system wicks r a t h e r  t han  i n  the  ECS 
process  loop i s  ind ica t ed .  

"12 . Bio log ica l  t e s t s  on t h e  water supply us ing  the  Standard 
Mi l l i po re  F i l t e r  Method f o r  t he  i d e n t i f i c a t i o n  of co l i form 
group organisms were negat ive  throughout the  t e s t .  Blood 
Agar p l a t e  samples were p o s i t i v e  f o r  growth of t h e  fo l lowing  
organisms on the  da t e s  ind ica ted :  

B a c i l l u s  SDD . 
Bac i l l u s  spp . 
Unident i f ied  gram 
neg. rods 
Staph, Streptomyces 
and gram neg. rod 
s taph ,  and ~ t r e ~ t o m ~ c e s  
G r a m  neg. rod, 

Gram neg. rod, 
TNTC; I d e n t i f i e d  
a s  Pseudomonos spp. 
Pseudomonos spp. 
TNTC 
Pseudomonos spp.  
TNTC 
Pseudomonos spp .  

TNTC 

Conclusions r e s u l t i n g  from t h i s  program e f f o r t  a r e  a s  fo l lows:  

o  S i g n i f i c a n t  problems e x i s t  with electromagnet ic  no ise  
i n t e r f e r e n c e  i n  the  b io te lemet ry  system. 

o The water  system becomes contaminated wi th  a v a r i e t y  
of organisms, probably by growth from the  l i p  device 
back t o  t h e  water tank.  This  contamination was no t  
s u f f i c i e n t ,  however, t o  cause d i f f i c u l t i e s  t o  the  
animal o r  t o  t h e  water system hardware. 

Some f e c a l  waste bui ld-up was observed i n  t h e  r e t r i e v a l  
p i s t o n  a r e a  b u t  it did not  endanger t h e  primate o r  
i n t e r f e r e  w i th  system opera t ion .  

o  The ammonia concent ra t ion  i n  t h e  capsule  was held below 
the  al lowable concent ra t ion  but  t h e  odor l e v e l  i n  t h e  
capsule  was h igher  than  a n t i c i p a t e d .  This did n o t  appear 
t o  a f f e c t  t he  primate.  

\L 

" A l l  d a t a  from Naval A i r  S t a t i o n ,  Pensacola,  F l o r i d a  



o Noise from the TV pan, tilt a n d  zoom system was 
d i s t r a c t i n g  t o  the animal and made it impossible 
t o  change t h e  viewing angle and/or magni f ica t ion  
without  evoking a response from t h e  primate.  

o The cage r o l l u p  and r e t r i e v a l  system was demonstrated 
and proved s a t i s f a c t o r y ,  i nc lud ing  the r e t r i e v a l  
p i s t o n  door lockup i n  t h e  r e t r i e v a l  c a n i s t e r .  

o F loor  louver  spacing proved s a t i s f a c t o r y ,  a l lowing 
f e c a l  m a t e r i a l  t o  pas s  i n t o  the  c o l l e c t i o n  conta iner .  

o The exerc ise  u n i t  d id  n o t  appear t o  be c o n s i s t e n t  i n  
regard  t o  the  ope ra t ing  f o r c e  requi red ,  and t h e  fo rce  
r equ i r ed  is  l a r g e r  than  des i r ed .  

o The f eede r ,  us ing  a bulk  food s torage  concept, proved 
t o  be very r e l i a b l e .  

o The water system tankage, valving,  and a l i q u o t  
accumulators proved t o  be r e l i a b l e  and c o n s i s t e n t  
i n  t he  a l i q u o t s  of water dispensed. 

o The Itprimate i n  canister11 sensor  d id  no t  prove t o  be 
r e l i a b l e  due t o  t he  f a c t  t h a t  some animal p o s i t i o n s  
i n  the  c a n i s t e r  did n o t  provide a s i g n a l .  

o The animal v o c a l i z a t i o n  system performed below t h e  
design goal  due t o  s t a r t - u p  i n e r t i a  i n  t he  t ape  
r eco rde r  and acous t i c  i n t e r f e rence .  

o The 200 cfm f a n  noise was higher  t han  desired.  

o P r o t e c t i v e  sc reens  over t he  TV viewing p o r t s  i n t e r f e r e d  
somewhat wi th  TV viewing. 

e fo l lowing  recommendations a r e  made f o r  TFDM system i 

o Determine t h e  sources  of no ise  appearing i n  t h e  b i o -  
t e l eme t ry  s i g n a l s  a t  t h e  NAMI t e s t  s i t e .  Determine 
a t  what p o i n t s  i n  the  b io te lemet ry  system t h e  noise  
i s  en te r ing  t h e  system and f i l t e r  t h e  noise  a t  t h a t  
p o i n t .  Consider moving the  b io te lemet ry  r e c e i v e r s  from 
the  c o n t r o l  console t o  t h e  TFDM s t r u c t u r e  where they  
would be c l o s e r  t o  t h e  r ece iv ing  antenna. 

o Consider h igh  temperature water s to rage  t o  prevent  micro- 
organism growth and/or W or  chemical t reatment  of water  
i n  the  de l ive ry  l i n e  a s  c lose  t o  t he  l i p  device a s  
p o s s i b l e .  



o Include the  environmental c o n t r o l  system charcoa l  
i n  t he  waste management system wicking t o  reduce 
the odor l e v e l  i n  t he  cage. 

o  Reduce t h e  noise  i n  TV pan and tilt system by the  use 
of f i b e r  gears  and rubber shock i s o l a t i o n  mounting 
of t h e  complete assembly and t h e  motor d r ive  system. 

o Rework t h e  exe rc i se r  u n i t  us ing  ground tubes w i t h  very 
c lose  to l e rance  con t ro l .  Replace pu l l eys  and b e l t s  w i th  
p r e c i s i o n  gears .  Design s p e c i a l  cons tan t - force  spr ing  
t o  overcome tube mass and system f r i c t i o n .  

o  Replace e x i s t i n g  uprimate i n  canis ter! '  sensor  wi th  a 
minimum of f o u r  photo c e l l s  a t  va r ious  l e v e l s  i n  t he  
r e t r i e v a l  c a n i s t e r  a t  kS0 clocking.  

o  I n  t h e  animal v o c a l i z a t i o n  system use a  continuous 
running endless  t ape  f o r  record ings  and t r a n s f e r  
primate v o c a l i z a t i o n s  t o  a  second recorder  which would 
opera te  only  when required.  I n  t h i s  way, t he  f i rs t  
sound emi t ted  would be recorded.  Repos i t ion  t h e  pickup 
microphone away from t h e  e x i s t i n g  f a n s  and nearer  t o  
t h e  behav io ra l  t a s k  panel .  Lower f a n  background noise 
by us ing  squi r re l -cage  f a n s  i n  t h e  200 cfm a i r  loop.  
This  would lower t h e  sound l e v e l  t o  approximately 75 db, 
however, about twice t h e  e l e c t r i c a l  power i s  requi red .  

It i s  f u r t h e r  recommended t h a t  t h e  e x i s t i n g  bulk  s to rage  f eede r  be 
e i t h e r  flown onboard a zero-g a i r c r a f t  o r  be t e s t e d  i n  t he  inve r t ed  
p o s i t i o n  under one-g condi t ions  t o  achieve g rea t e r  confidence i n  t he  zero-  
g r a v i t y  performance of t h i s  system. It i s  a l s o  recommended t h a t  a model of 
t he  waste management system be flown on board a zero-g a i r c r a f t  f o r  
performance measurements i n  the  zero-g environment. 

e  r e s u l t s  of t h i s  program f u l l y  suppor t  the  f a c t  t h a t  the de 
i o n  of  hardware t o  support  long-durat ion o r b i t a l  t e s t i n g  o 

un res t r a ined  pr imates  i s  poss ib l e  w i th in  t h e  e x l s t i n g  s t a t e - o f - t h e - a r t .  



TECHNICAL FEASIBIILTY DEMONSTRATLON MODEL 
REQUIREPENTS AND GUIDELINES 

The requirements f o r  the TFDM are,  unless otherwise speci f ied ,  the 
same a s  those f o r  the f l i g h t  payload. The major requirements based on the 
conceptual design study reported i n  Ref. ( I ) ,  are l i s t e d  below f o r  t h e  
LS.ISC TFDM. 

Requirements 

Primate One 6 ~g male rhesus 
( ~ a c a c a  m l a t t a )  

Mission Duration 6 months t o  one year 

Cage Dimensions 

S o c i a l  Window 

34" diameter 
4811 height  

1011 width 
1811 height  
3 - l / 4 n  v e r t i c a l  bars  on 

2 1/21! centers  

Atmosphere 

Pressure 
Temperature 

Ambient (approximately 14.7 p s i a )  
77 + 1% - Adjustable t o  

773 t o  80% 
Humidity Ambient 
Oxygen concentration Ambi e n t  

0t6er Trace Contaminants 0.1 of I n d u s t r i a l  Threshold 
Limit Values 

A i r  Velocity i n  cage 30 fpm average 
Bleed flow 12 cfm 

Food 

Amount 85,000 0.6 gm t a b l e t s  
%'I= pellet ed Purina Monkey 

Chow 
Dispenser performance 0.75 sec delivery time 

5 sec recycle time 



Requirements (Con%, ) 

Water 

Amount 
Type 

Microbiological  l e v e l  
Dispenser performance 

Date Requirements 

Biome d i c a l  

Behavioral  

General 

385 l b s  minimum 
F i l t e r e d ,  h e a t  s t e r i l i z e d ,  t a p  

water 
< 10  b a c t e r i a  / m l  
0.75 s e c  d e l i v e r y  time 
5 see  r ecyc le  time 
3 cc/actuat ion ( ad jus t ab le  from 

1-5 cc /ac tua t ion)  

Simulated day l igh t  15-35 f  t candles  
a t  cage f l o o r  (day cyc le )  

0.05 - 0.2 f t  candles  a t  cage 
f l o o r  ( n i g h t  cyc l e )  

14 hr day, 1 0  h r  n igh t  

ECG 
Temperature 
Mass 

A c t i v i t y  
Vocal iza t ion  
Task Performance ( t iming, 

v ig i l ance ,  i n t e r l o c k ,  exe rc i se ,  
and avoidance ) 

Food t a b l e t s  - number de l ive red  
Water - cc/del ivered 
TV coverage 
Cage temperature 
Bleed flow i n  and ou t  of cage 

cage i n t o  r e t r i e v a l  c a n i s t e r  

Guidel ines  

I n  a d d i t i o n  t o  t h e  above requirements ,  t h e  fol lowing guide l ines  were 
adopted f o r  t h e  LMSC TFDM: 

Corrosion 

Dissimilar Metals P ro t ec t ion  LMSC engineering design handbook 
Anodize Aluminum LAC 0494 o r  0445 



Guidel ines  ( C0n-k. ) 

Primer Epoxy Polymide MIL-P-27316 
F i n i s h  Coat Epoxy Enamel LAC 3 7-4037 

F i r e  

Used Non-Metallic Ma te r i a l s  Design Handbook, MSC-NA-D-68-1, 
a s  a guide 
Conducted f lammabil i ty  t e s t s  on suspec t  m a t e r i a l s  
Used Durez Hetron 92 o r  92-T r e s i n  i n  ma jo r i t y  of non-metal l ic  
p a r t s  
Fuse/circui t -breaker  p r o t e c t i o n  on a l l  v i ta l  c i r c u i t s  
Quick-release animal escape p o r t s  
F i r e  ex t inguisher  t o  be ava i l ab l e  at t h e  Naval Aerospace 
Medical I n s t i t u t e  (NAMI) 

S a n i t a t i o n  

Used National  S a n i t a t i o n  Foundation Standards as a guide 
Minimized cracks and c rev ices  by welding and p o t t i n g  
Designed f o r  ease  of c leaning 



TECHNICAL FEASIBILm DWONSTRATION MODEL DESCRIPTION 

The TFLM comprises a l l  subsystems of the experiment which interface 
with the animal except f o r  zero gravity mass measurement, and atmosphere 
regeneration. An earth-gravity load-cell mass measurement subsystem has 
been incorporated Fn l i e u  of the proposed f l i g h t  system, based on radiation 
attenuation. Atmosphere regeneration is  achieved by bleeding a portion of 
the circulating a i r  stream from the cage and replenishing the same amount 
from the t e s t  laboratory ambient atmosphere. In  a l l  other aspects, the TFlM 
re f l ec t s  those concepts derived during the  conceptual study, as reported 
i n  CR 66520. In  t h i s  section, each of the TFIM's major elements are  
described. 

TFllkl Mechanical Assembly 

The TFllkl Mechanical Assembly i s  the residence of the p r h a t e  t e s t  
subject. The cage subsystem, which i s  a ve r t i ca l  cylinder 34 inches i n  
diameter and 48 inches high, contains fans, l ights ,  TV, microphone, loud 
speaker, r e t r i eva l  canister, and exerciser in  the ceiling; r e t r i eva l  
actuator, mass measurement load ce l l s ,  louvers, and noxious stimulus j e t s  
in the floor; and food and water dispensers, TV, noxious stimulus je ts ,  
ac t iv i ty  sensors, antennae, social  window, and behavioral task panel in  
the wall. The wall  i s  l ined with a th in  sheet of s ta inless  s t e e l  which 
may be retracted forcing the primate t o  a position direct ly  over the 
r e t r i eva l  actuator and under the re t r ieva l  canister. The r e t r i eva l  actuator 
then t ranslates  the primate in to  the re t r ieva l  canister. The canister is  
then detached, simulating a f l i g h t  re tr ieval .  

Located peripherally around the cage are  the watering subsystem, 
feeder, l i ne r  retract ion mechanism, air ducts, and pneumatic valve panel. 

The cage and i ts  appurtenances are supported by an aluminum structure 
which closely resembles the spacecraft design. This structure consists of 
an upper and a lower deck which connect with the upper and lower ends of 
the cage. Vertical beams also span the distance between these two decks. 
Suspended from the lower deck i s  the  fiberglass waste management assembly. 

e t s  on the lower deck are  the  primary h 
points f o r  the  TFIH mechanical assembly. Two hard points on the upper deck 
are  used t o  eliminate swaying. 

Cage Subsystem.- The cage subsystem provides the basic containment of  
the primate t e s t  subject. It a lso  e i ther  provides support to ,  or interfaces 
with, every subsequent system which i s  t o  be discussed. The cage i s  a 
ve r t i ca l  aluminum tube 34 inches in  inner diameter and 48 inches in  height 
(see Fig. 1) . The aluminum tube, which i s  0.050 inches thick is  stiffened 



F i w e  1 Cage Subsystem 
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by t h e  add i t i on  of t e n  v e r t i c a l  longerons, o r  upr ights ,  and t h r e e  circum- 
f e r e n t i a l  r i n g s .  The t o p  and bottom r ings  of t he  cage a r e  f a s t ened  t o  t h e  
b a s i c  s t r u c t u r e .  

A t h i n  s h e e t  (0.016 inches  t h i c k )  of f u l l  hard AISI 301 s t a i n l e s s  
s t e e l  l i n e s  the  in s ide  curved s u r f a c e  of the  cage. One end of t h e  l i n e r  i s  
l e d  t a n g e n t i a l l y  out of t h e  cage through a v e r t i c a l  s l i t  i n  t h e  cage w a l l .  
This  end i s  then  wrapped around a 5-inch diameter v e r t i c a l  take-up spool .  
The o the r  end of t h e  l i n e r  is  secured t o  t he  cage w a l l  ad jacent  t o  t h e  
l i n e r  e x i t  s l i t .  By r o t a t i n g  t h e  take-up spool,  t h e  l i n e r  is e i t h e r  r e -  
t r a c t e d  from or  deployed i n t o ,  t h e  cage. The limits of i ts  motion a r e  
con t ro l l ed  by a  l i m i t  switch sens ing  pe r fo ra t ions  i n  t he  l i n e r  near  t he  
take-up spool .  The func t ion  of t h e  l i n e r  i s  t o  f o r c e  t h e  animal i n t o  a  
l o c a t i o n  d i r e c t l y  over the  r e t r i e v a l  a c t u a t o r  and under t h e  r e t r i e v a l  
c a n i s t e r .  A s  t h e  l i n e r  i s  r e t r a c t e d ,  i t s  diameter diminishes and i ts  cen te r  
of curva ture  u l t ima te ly  co inc ides  w i th  the  v e r t i c a l  a x i s  of motion of  t h e  
r e t r i e v a l  a c t u a t o r .  This a c t i o n  sweeps the  animal (dead o r  a l i v e )  d i r e c t l y  
over t he  r e t r i e v a l  a c t u a t o r .  Subsequent opera t ion  of t h e  t e l e scop ing  
r e t r i e v a l  a c t u a t o r  pushes t h e  animal v e r t i c a l l y  i n t o  the  r e t r i e v a l  c a n i s t e r .  

Numerous pe r fo ra t ions  of t he  l i n e r  permit acces so r i e s  l oca t ed  on the  
cage w a l l  t o  e i t h e r  pene t r a t e  i n t o  o r  view the  cage i n t e r i o r .  Pene t r a t ing  
i tems inc lude  the  water and f eede r  l i p  devices  and t h e  th ree  l e v e r s  of t h e  
behaviora l  t a s k  panel .  

I tems which view the  cage i n t e r i o r  through pe r fo ra t ions ,  b u t  do n o t  
p e n e t r a t e  a r e  : 

Noxious s t imulus  a i r  j e t s  

Pho toce l l  and l i g h t  source 

Side -mounted t e l e v i s i o n  

S o c i a l  pane l  

These p e r f o r a t i o n s  a r e  s o  arranged t h a t  when the  l i n e r  i s  f u l l y  r e t r a c t e d  
they  have withdrawn from the  cage. This  negates  t h e  p o s s i b i l i t y  of shea r ing  
an appendage during the  v e r t i c a l  t r a n s l a t i o n  of t he  animal by t h e  r e t r i e v a l  
a c t u a t o r .  One except ion t o  t h e  above i s  a s i n g l e  noxious s t imulus  performa- 
t i o n .  However, i t s  smal l  s i z e ,  0.093 inch  diameter,  precludes any p o s s i -  
b i l i t y  of shear ing  a c t i o n .  

The p e r f o r a t i o n s  surrounding t h e  pro t ruding  i tems ( l i p  devices  and 
behav io ra l  t a s k  panel  l e v e r s )  a r e  purposely elongated i n  t he  cage circum- 
f e r e n t i a l  d i r e c t i o n ,  and d i sp l aced  e c c e n t r i c a l l y  towards t h e  f i x e d  end 
of t he  l i n e r .  This i s  done t o  permit  t h e  l i n e r  t o  p u l l  away from t h e  



protuberances without  s t r i k i n g  them. The p e r f o r a t i o n  f o r  t h e  s o c i a l  pane l  
i s  l a r g e  (10  inches wide by 18 inches  h igh) .  The frame f o r  t h i s  per-  
f o r a t i o n  conta ins  t h r e e  0.25 inch  diameter v e r t i c a l  b a r s  which prevent  
eg re s s  of t he  animal.  Since t h e  ba r s  p re sen t  an e x c e l l e n t  purchase f o r  t h e  
animal, a compressive preload i n  the  l i n e r  i s  employed t o  prevent  the  
animal from p u l l i n g  the  s o c i a l  pane l  away from t h e  cage wall. Th i s  preload 
a l s o  prevents  t h e  animal from obta in ing  a f i n g e r n a i l  hold between the  l i n e r  
and t h e  cage wall a t  o the r  l i n e r  pe r fo ra t ions .  

To maintain l i n e r  c i r c u l a r i t y  i n  a  one-g environment, and t o  ensure 
s o c i a l  pane l  b a r s  n o t  s t r i k i n g  the  protuberances,  two t e t h e r s  a r e  i n s t a l l e d  
which apply  a cons tan t ,  r a d i a l l y  outward, f o r c e  on the  l i n e r  a t  approxi-  
mately i t s  mid-posi t ion (when deployed.) The t e t h e r s  a r e  powered by con- 
s t a n t  f o r c e  s p r i n g  motors which a r e  mounted on t h e  ou t s ide  circumference 
of t h e  cage. Miscellaneous guide r o l l e r s  complete t he  b a s i c  l i n e r  i n s t a l l a -  
t i o n .  The take-up drum i s  mounted i n  two s e l f - a l i g n i n g  s p h e r i c a l  bear ings ,  
t he  bottom one t a k i n g  t h r u s t  loading.  The bottom bea r ing  may be ad jus t ed  
r a d i a l l y  o r  v e r t i c a l l y  t o  permit  t h e  l i n e r  t o  wrap up smoothly. The t o p  
bear ing  i s  f ixed ,  and t h e  s h a f t  which r i d e s  in it i s  keyed t o  a n  ad jus t ab le  
s l i p  c lu t ch .  The c l u t c h  i s  ad jus ted  f o r  approximately 500 i n - l b  of torque t o  
p r o t e c t  mechanical components from overload. The c l u t c h  i s  dr iven  by a 
cha in  and sprocket  s e t  which i s  sp l ined  t o  a  28 VDC gear  motor. I n  case  
t h e  gearmotor f a i l s ,  t he  chain may be disengaged by removal of a  master l i n k  
The l i n e r  may then  be manually operated.  A removable a i r - t i g h t  cover i s  
i n s t a l l e d  over t h e  e x i t  s l i t  and the  take-up drum t o  prevent  cage atmosphere 
from leaking .  

The f l o o r  assembly i s  t h e  lower boundary of t he  cage. It a l s o  provides  
a  mounting p o i n t  f o r  t he  one-g mass measurement load c e l l s ,  some of t h e  
noxious s t i m u l i  j e t s ,  t h e  r e t r i e v a l  ac tua to r ,  and the  f l o o r  movement 
a c t u a t o r s  . 

To prevent  pinching of t h e  animal between t h e  f l o o r  b a r s  and the  l i n e r ,  
as it i s  being r e t r a c t e d ,  louvers  were s u b s t i t u t e d  f o r  t h e  b a r s .  A ma jo r i t y  
of the  t ime, t h e  louvers  a r e  i n  t he  open o r  s t reamlined p o s i t i o n .  J u s t  p r i o r  
t o  l i n e r  r e t r a c t i o n ,  t he  louvers  a r e  r o t a t e d  t o  produce a f l a t  f l o o r .  This  

emoves a l l  t h e  poss ib l e  shear ing  edges and permi ts  nclean sweeping" of t h e  
animal ac ros s  t he  f l o o r .  To i n s u r e  t h a t  t h e  animal does n o t  become pinched 
i n  t he  f l o o r  by the  louvers ,  ( e s p e c i a l l y  i n  t h e  case  of a  deceased animal)  
the  f l o o r  (except ing t h e  r e t r i e v a l  p i s t o n  and two small s e c t o r s  ad j acen t  
t o  i t )  i s  mechanized t o  impart  a  momentum t o  t h e  animal i n  an upward 
d i r e c t i o n .  This momentum c a r r i e s  t h e  animal away from t h e  f l o o r  and ( i n  
weight lessness)  provides  s u f f i c i e n t  time of f l i g h t  t o  operate  t h e  louvers .  
The f l o o r  comes t o  a r e s t  a t  a p o s i t i o n  0.125 inch  from t h e  bottom of t h e  
l i n e r .  A t r u s s  below t h e  movable f l o o r  assembly provides  suppor t  f o r  t h e  
f o u r  noxious s t imulus  a i r  j e t s ,  t he  f o u r  f l o o r  t r a n s l a t i o n  pneumatic 
a c t u a t o r s ,  and t h e  r e t r i e v a l  ac tua to r .  

The 26 louve r s  a r e  mounted i n  a c a r r i e r  r i n g  w i t h  hinge p i n s  which 
may be removed by p re s s ing  them on through. Thi r teen  of t he  louve r s  on each 



s i d e  a r e  l i nked  toge the r  w i th  a  comon  opera t ing  l i n k .  Each l i n k  has a  
s epa ra t e  s ing le -ac t ing  pneumatic a c t u a t o r .  The two ac tua to r s  opera te  s i m u l -  
taneously,  when p r e s s w a n t  i s  admitted, b u t  i n  opposite d i r e c t i o n s .  Hence, 
a l l  louvers  opera te  upward i n  an  outboard d i r e c t i o n .  The l i m i t s  of louver  
motion a r e  provided by ad jus t ing  (1 )  t h e  l eng th  of t h e  a c t u a t o r  push rod 
and/or ( 2 )  t h e  a c t u a t o r  s t roke .  The a c t u a t o r  r e t u r n s  t he  louve r s  t o  t h e  
s t reamlined condi t ion  by a  se l f -conta ined  sp r ing  whenever t he  p r e s s u r a n t  
i s  removed and the  p o r t  opened t o  exhaust  t o  atmosphere. Although t h e  
animal may be ab le  t o  overcome tl-e s p r i n g  r e t u r n  momentarily, it i s  n o t  
damaging t o  t he  f l o o r ,  nor could it be sus t a ined  f o r  any apprec iab le  l e n g t h  
of t ime. 

The louver  c a r r i e r  r i n g  i s  supported by f o u r  v e r t i c a l l y  arranged 
pneumatic a c t u a t o r s .  These a c t u a t o r s  opera te  s imultaneously t o  provide the  
upward momentum t o  the  animal. These t r a n s l a t i o n  a c t u a t o r s  a r e  a l s o  s i n g l e  
a c t i n g  w i t h  s p r i n g  r e t u r n .  They cause the  f l o o r  t o  move upward two inches  
whenever p r e s s w a n t  i s  admitted. The s t r o k e  of t hese  cy l inde r s  i s  n o t  
ad jus t ab le ,  bu t  t h e  push rod l eng th  i s .  This  permits  alignment of t h e  f l o o r .  
The s t a t i o n a r y  housings of t he  t r a n s l a t i o n  ac tua to r s  a r e  mounted i n  t h e  
aforementioned t r u s s .  Again, t h e  animal can momentarily overcome t h e  r e t u r n  
spr ings ,  b u t  would soon t i r e  i f  a  sus t a ined  at tempt  were made. 

The t r u s s  a l s o  provides support  t o  t h e  r e t r i e v a l  ac tua to r .  Th i s  a c t u a t o r  
pushes a  p i s ton ,  w i th  t h e  animal on top ,  up through the  r e t r a c t e d  cage l i n e r .  
Near t h e  end of t h e  s t roke  of t h e  r e t r i e v a l  ac tua to r  a solenoid-operated 
s t o p  i s  i n s t a l l e d .  The s t o p  must be  energized t o  r e t r a c t  it. I f  t h e  s t o p  i s  
r e t r a c t e d ,  t h e  r e t r i e v a l  ac tua to r  may then  proceed f u r t h e r  u n t i l  t he  r e t r i e v a l  
p i s t o n  l a t c h e s  i n t o  the  r e t r i e v a l  c a n i s t e r .  A t  t h i s  po in t ,  a shear  p i n  breaks 
i n  t h e  r e t r i e v a l  a c t u a t o r  pe rmi t t i ng  t h e  ac tua to r  t o  r e t r a c t  l eav ing  the  
r e t r i e v a l  p i s t o n  l a t ched  i n t o  the r e t r i e v a l  c a n i s t e r .  The r e t r a c t i o n  occurs, 
when t h e  p r e s s w a n t  i s  removed, by a c t i o n  of two se l f -conta ined  long-stroke 
cons tan t - force  sp r ing  motors. The shear  p i n  may be replaced by ( 1 )  removing 
t h e  r e t r i e v a l  c a n i s t e r ,  ( 2 )  removing t h e  r e t r i e v a l  p i s t o n  from t h e  r e t r i e v a l  
c a n i s t e r ,  (3) extending the  ac tua to r  t o  f u l l  s t roke ,  (4) disassembling the  
detached p o r t i o n  of t h e  r e t r i e v a l  a c t u a t o r  from the  r e t r i e v a l  p i s t o n ,  ( 5 )  r e -  

ging t h e  a c t u a t o r  p a r t s ,  (8)  i n s e r t i n g  a  new shear  
shea r  p i n  r e t a i n i n g  screw, and (10)  reassembling t 

on t h e  end of t h e  r e t r i e v a l  ac tua to r .  

The e n t i r e  f l o o r  assembly i s  c a r r i e d  on th ree  load  c e l l s  which bear  
on non-moving po r t ions  of t h e  underneath f l o o r  t r u s s .  

The roof assembly provides a  mounting and i n t e r f a c e  a r e a  f o r  t h e  
fol lowing systems o r  components: 

1. R e t r i e v a l  c a n i s t e r  

2. Temperature sensor  

3 .  Te lev i s ion  camera 



4 200 cfm air  c i r c u l a t i o n  i n l e t  

5. 2000 cfm air c i r c u l a t i o n .  i n l e t  

6. I l l umina t ion  

7. Exerc iser  

8. Microphone 

9. Loudspeaker 

1 0  12 cfm air c i r c u l a t i o n  i n l e t  

The roof s t r u c t u r e  i s  b a s i c a l l y  two c i r c u l a r  p l a t e s  separa ted  1.805 
inch  by a r ing ,  and o the r  i n t e r n a l  spacers .  It func t ions  a s  a plenum wi th  
a i r  e n t e r i n g  a t  d i s c r e t e  p o i n t s  through t h e  top  p l a t e  t hen  d ischarg ing  
uniformly through numerous small ho le s  i n  t h e  bottom p l a t e .  The except ion  
i s  t h e  2000 cfm air  flow which bypasses t h e  plenum a r e a  and d ischarges  
d i r e c t l y  i n t o  the  cage a rea .  

The r e t r i e v a l  c a n i s t e r  a t t a c h e s  t o  the  roof  assembly wi th  th ree  t w i s t -  
lock  hasps. The c a n i s t e r  i s  approximately 14 inches  i n  i n s i d e  diameter 
by 23 inches  high. It i s  cons t ruc ted  of f i b e r g l a s s  wi th  a t r anspa ren t  
a c r y l i c  t o p  cover and an  aluminum l a t c h i n g  and s e a l i n g  r i n g  a t  the  bottom. 
Bonded t o  i t s  c y l i n d r i c a l  ou ts ide  diameter a r e  t h e  animal presence sensor  
and the  r e t r i e v a l  c a n i s t e r  b io te lemet ry  antenna. A car ry ing  handle i s  
included i n  the  t o p  cover p l a t e .  

Once the  r e t r i e v a l  p i s t o n  has l a t ched  i n t o  t h e  bottom r i n g  of t h e  
r e t r i e v a l  c a n i s t e r  (forming an a i r  t i g h t  s e a l ) ,  and t h e  r e t r i e v a l  ac tua to r  
shear  p i n  has broken, the  c a n i s t e r  may be removed from t h e  roof  by r e l e a s i n g  
t h e  t h r e e  tw i s t - lock  hasps, and disconnect ing t h e  e l e c t r i c a l  connect ions.  
The animal can be removed from t h e  c a n i s t e r  by  removing one shea r  p i n  from 
t h e  t o p  cover and s l i d i n g  it sideways. Removal of t h e  l a t ched  r e t r i e v a l  

The no&ous s t imulus  i s  a pu l sa t ing  a i r  j e t .  Thi r teen  of t h e s e  j e t s  
a r e  arranged a s  fol lows:  

Q u a n t i t y  Locat i  on Direc t ion  of A i r  B la s t  

4 Floor  S t r a i g h t  Up 

3 Lower cage w a l l  Inward , no i n c l i n a t i o n  upward 

3 Middle cage wa l l  Inward, lsO i n c l i n a t i o n  upward 

3 Upper cage wa l l  Inward, 30° i n c l i n a t i o n  upward 



Each l e v e l  of j e t s  are equal ly  spaced wi th in  t h e  Level, but a re  s taggered 
from l e v e l  t o  l e v e l .  This p a t t e r n  provides f o r  complete coverage of t h e  
cage volume permi t t ing  no sanctuary, save t h e  r e t r i e v a l  can i s t e r ,  f o r  t h e  
animal. 

The p ressu ran t  i s  e i t h e r  n i t rogen o r  air and i s  obtained from high 
pressure  s torage  b o t t l e s  which are  loca ted  i n  the  same general  a r e a  as the  
c o n t r o l  console. The e n t i r e  flow of gas i s  regula ted  t o  200 p s i g  by a 
single-stage manual-set r egu la to r .  Por t ions  of t h i s  flow are  then sub- 
sequently regula ted  t o  35 ps ig  ( f o r  the water subsystem) and 100 p s i g  ( f o r  
the noxious s t imulus j e t s  ) . 

Each of t h e  th ree  serv ice  pressure l e v e l s  (200, 100, and 35 p s i g )  has 
i t s  own pressure  r e l i e f  valve.  I n  addi t ion ,  t h e  master regula tor  has a  
b u i l t  i n  r e l i e f  valve.  The f a i l u r e  mode of a l l  r egu la to r s  i s  t o  shu t  off 
(us ing  upstream pressure f o r  this purpose).  I n  case of a  master r e g u l a t o r  
f a i l i n g  open, each of the  two r e l i e f  valves,  i . e . ,  t h e  regula tor  r e l i e f  
valve and the  200 ps ig  se rv ice  l i n e  r e l i e f  valve,  i s  capable of handling 
f u l l  b o t t l e  f low. I n  the  event of f a i l u r e  of a  subsequent s t a t i o n  r egu la to r  
on e i t h e r  the  35' p s ig  or  100 ps ig  se rv ice  l i n e s ,  the r e l i e f  valve f o r  
e i t h e r  of those se rv ices  i s  capable of handling t h e  maximum flow of t h e  
master r e g u l a t o r .  The normal gas supply b o t t l e  i s  provided with a  rup tu re  
d i s c  f o r  over-pressure pro tec t ion .  

The t h r e e  se rv ice  l i n e s  run from t h e  gas supply b o t t l e  t o  t h e  TFDM 
mechanical assembly through hard tubing.  A valve panel contains a l l  t h e  
solenoid va lves  and flow r e s t r i c t o r s  requi red  f o r  operat ing (1)  noxious 
s t imul i ,  (2 )  f l o o r  t r a n s l a t i o n  ac tua to r s ,  (3 )  louver ac tua tors ,  and ( 4 )  the  
r e t r i e v a l  ac tua to r .  Four 2-way 24 vdc solenoid va lves  ( ~ 2 0 ,  B21, B22, and 
~ 2 3 )  c o n t r o l  t h e  gas t o  each of t h e  four  l e v e l s  of noxious s t imulus j e t s .  
Three 3-way 24 vdc solenoid valves ( ~ 1 ,  R 6  and R7) con t ro l  the  gas flow t o  
and exhaust from the  r e t r i e v a l  ac tua to r ,  t h e  f l o o r  t r a n s l a t i o n  ac tua to r s ,  
and the  louver ac tua to r s  r e spec t ive ly .  The flow i n t o  and out of these t h r e e  
ac tua tor  s e t s  can be r e s t r i c t e d  by manual adjustment of va r i ab le  o r i f i c e  
valves.  A 3-way d i r e c t i o n a l  con t ro l  valve (RS) permits s e l e c t i o n  of e i t h e r  

c l e a r  
c tua to r  

A i r  C i rcu la t ion  and Temperature Control  System 

The a i r  c i r c u l a t i o n  and temperature c o n t r o l  system maintains a  continu-  
ous flow of temperature--controlled a i r  a t  s l i g h t l y  above atmospheric 
pressure  through the cage from top  t o  bottom. 

A i r  c i r c u l a t i o n . -  A t o t a l  of f i v e  f a n s  a r e  i n s t a l l e d  and operated 
a s  fol lows:  



Fan - Opmt ion  
I 2  cfm #l Cont huous 

3.2 cf'm #2 Staszdby 

200 cf~n #l Continuous 

200 cfm #2 St andby 

2000 cfm Intermittent 

Each fan has i ts  crwn a i r  flow check valve t o  prevent circulation through 
the para l le l  inoperative fan. 

A s  shown i n  Figure 2, the operating 200 cf'm fan draws i t s  a i r  supply 
from the return ducting plenum. The 200 cf'm discharge flows through a two- 
f l ap  counterbalanced check valve and into a cage roof plenum. The cage roof 
plenum discharges t o  the cage through a peeorated plate, producing a 
distributed a i r  flow of 30 ft/min average. Air f l w  out of the cage plenum 
also "washes" the fluorescent lamps and roof television window, discouraging 
adhesion of hair or other waste materials on these surfaces, A i r  temperature 
i s  sensed by a dual element sensor i n  t h i s  zone. 

The air  f l a w  continues down the cage, passing through the f loor  louvers 
and the feca l  container. After leaving the  fecal, container, the  a i r  under- 
goes a 1800 turn, thereby separating moisture droplets, and enters two sym- 
metrical return ducts. Electr ical  heating elements are located i n  each duct 
where thermal energy i s  added t o  the air stream as required, The air then 
returns t o  the ducting plenum and repeats the cycle. 

In  the event of fa i lure  of the operating 200 cfm fan, a d i f fe rent ia l  
pressure switch i s  actuated, causing an audio/visual alarm t o  operate as 
well  as  turning on a low d i f f e ren t i a l  pressure indicator l i gh t  on the  control 
panel. !.The standby uni t  may then be manually activated, which w i l l  auto- 
matically extinguish the l a w  d i f fe rent ia l  pressure indicator l i gh t  on the 
control panel. The audio/visual alarm must then be reset  manually. The a i r  
flaw check valve on the standby unit  w i l l  automatically open, and the  other 

force. This i s  accomplished i n  the gravity environment by moving counter- 
weights nearer or  fa r ther  from the pivot axis. 

One I 2  cfm fan operates continuously,drawing i t s  air supply from the 
ambient laboratory atmosphere. Before the a i r  reaches the  fan, it is  drawn 
past a p i b t  tube which i s  direct ly  connected t o  an inflow d i f f e ren t i a l  
pressure gage on the control console through t!#o 50 foot lengths of p las t ic  
tubing. The incoming a i r  then passes through a f i l t e r ,  an a i r  flow check 
valve, and into the fan suction. The f a  discharge flows through a butterf ly  





valve  which can be manually ad jus ted  and locked t o  r egu la t e  i n l e t  flow r a t e  
condi t ions .  The a i r  flow then  passes  i n t o  the  cage roof plenum where it 
mixes wi th  the discharge of t h e  200 cfm fan .  Since t h e  12 cfrn f a n  i s  r e l a t e d  
t o  atmospheric ambient pressure  and a l l  o the r s  merely r e c i r c u l a t e  air, the  
cage s t a t i c  pressure  i s  determined by t h e  pressure  r i s e  produced by  this 
fan .  

Below the  f e c a l  conta iner  i s  an  opening i n  t he  wicking m a t e r i a l  through 
which 12 cfrn i s  withdrawn from the  TFDM mechanical assembly. Symmetrical 
headers c o l l e c t  this outflow and d i r e c t  it p a s t  a second p i t o t  tube and 
b u t t e r f l y  va lve  pe rmi t t i ng  it t o  be sensed and regula ted .  The outf low i s  
u l t ima ted ly  d i r ec t ed  t o  t he  l abo ra to ry  exhaust  system. This  continuous 12 
cfm purge removes excess  moisture and contaminants from t h e  cage atmosphere. 
I n  t he  event  of f a i l u r e  of t h e  opera t ing  12  cfrn fan, a  d i f f e r e n t i a l  pressure 
switch i s  ac tua ted  causing s i m i l a r  e f f e c t s  and alarms a s  was t h e  case wi th  
t h e  200 cfrn fan.  S imi l a r  co r r ec t ive  a c t i o n  i s  taken. 

Pe r iod ica l ly ,  a l a r g e  capac i ty  2000 cfm fan  is  operated t o  provide a 
s t rong  b l a s t  of a i r  t o  a s s i s t  i n  c l eans ing  the  cage of waste m a t e r i a l s .  This 
f a n  i s  planned t o  operate  i n  conjunct ion wi th  the  avoidance (AVD) t a s k  
when the  animal i s  loca t ed  i n  t h e  r e t r i e v a l  c a n i s t e r .  However, i t  may be 
operated when des i r ed  by s h i f t i n g  t o  manual opera t ion .  This f a n  d i f f e r s  
from the  o the r s  i n  t h a t  a f t e r  pass ing  through an  a i r  flow check valve,  it 
discharges  d i r e c t l y  i n t o  t h e  cage (no t  i n t o  the  cage roof plenum). The a ir  
flow r e c i r c u l a t e s  through the  cage and r e t u r n  ducting, t a k i n g  t h e  i d e n t i c a l  
flow p a t h  a s  t he  200 cfm a i r .  Operation of t h i s  f a n  does n o t  cause a change, 
o the r  than  t r a n s i e n t s ,  i n  cage s t a t i c  pressure  because bo th  i ts i n t a k e  and 
discharge a r e  i n s i d e  the  cage/ducting envelope. 

Temperature Cont ro l . -  The temperature c o n t r o l  system c o n s i s t s  of a 
console-mounted i n d i c a t i n g  temperature c o n t r o l l e r  and e l e c t r i c  h e a t e r s  
which a r e  mounted i n  t he  a i r  c i r c u l a t i o n  ducts ( s e e  Fig.  3) .  The h e a t e r s  
a r e  arranged i n  two h e a t  range s t e p s  and each s t e p  i s  e q u a l l y  d iv ided  
between t h e  two ducts .  I n  opera t ion ,  cage air e n t e r s  the  duc ts  and f lows 
p a s t  t h e  hea ter  elements.  Heated a i r  then  passes  i n t o  t h e  roof  plenum, where 
s t reams from both duc t s  a r e  mixed, and f i n a l l y  passes  through t h e  i n l e t  

The system i s  designed t o  hold t h e  cage i n l e t  air temperature a t  70- 
8 0 " ~  +  OF under ambient condi t ions  of 6.5'~ wi th  a  c i r c u l a t i o n  r a t e  of 200 
cfrn and a nominal make-up of air  flow r a t e  of 12 cf'm. Phys i ca l  and f u n c t i o n a l  
d e s c r i p t i o n s  of bo th  t h e  c o n t r o l l e r  and h e a t e r s  a r e  presented  i n  t h e  
paragraphs which fo l low t o g e t h e r  w i th  a  desc r ip t ion  of i n t e g r a t e d  system 
o p e r a t i  on. 

The West Instrument  Corp. Model J P T P - R T ~ - S ~ ~  s o l i d  s t a t e  temperature 
c o n t r o l l e r  was used. This  u n i t  i nco rpora t e s  dua l  time p ropor t ion ing  c o n t r o l  
bands, and opera tes  i n  conjunct ion wi th  a  n i c k e l  r e s i s t ance -bu lb  sens ing  
u n i t .  A time propor t ion ing  system with r e l a y  c o n t r o l  was s e l e c t e d ,  i n  





preference t o  a f proportion& s i l icon  controlled r e c t i f i e r  system, as 
it allows the use of 400 cycle heater power and therefore, minimizes EMI 
problems inside the cage. 

Operation on both control bands is f time proporkional, with t o t a l  
cycle time adjustable from 20 t o  7 seconds, The upper and l w e r  bands are 
adjustable from 0,5 t o  1,5$ of f u l l  scale, and are  separated by a fixed 
dead band of 0.2$ of f u l l  scale. The scale range of 50 t o  12F°F allows cage 
temperature control within a t o t a l  band of O.gOF. An integral  meter is  
provided i n  the controller which shows the se t  point and cage temperatures, 
and l igh t s  are provided which indicate high or lw  heat range operation, 
The controller operates from a 120 vac 50160 cycle parer supply. 

Temperature i s  sensed by a nickel resistance-bulb sensor, with activa- 
t ion  power coming from a pawer supply i n  the controller.  Dual bulbs a re  
incorporated in the sensor t o  supply a signal t o  the controller, plus provide 
a temperature signal fo r  recording. Output t o  the recorder from the sensor 
i s  a 0-5 vdc analog signal with voltage d i rec t ly  proportional t o  temperature. 

The Chromalox f i n s t r i p  heaters consist of a resistance wire element 
imbedded in a central  core, with f in s  attached t o  the core t o  supply 
suff ic ient  heat t ransfer  surface area. Although rated at 1550 watts at  
220 vol t s ,  the  heaters are  connected i n  ser ies  and operated on 120 v. This 
gives an ef  ective power of about LOO w a t t s  per heater a t  a power density 5 of 1,5 w/in . T h i s  l o w  power density allows heater operation a t  only 100- 
1 5 0 ~ ~  w e r  cage a i r  temperature and prevents transient overshoot. 

A s  sham i n  Figure 4, two heaters are connected t o  the upper control 
band and four heaters are connected t o  the  lower control band, thus providing 
heat steps of 200 and 400 watts, This hook-up minimizes power surges at low 
load conditions. The controller operates by sensing small variations i n  cage 
temperature and increasing or  decreasing the power input t o  the heaters 
accordingly. The uni t  a l so  anticipates rapid changes i n  temperature, by 
sensing t h e  ra te  of change of temperature and adjusting t o  prevent operation 
outside the control band. 

t o  maintain the proper cage temperature, As the required heating load in- 
creases, the cage temperature drops and the small heaters remain on a longer 
percentage of the cycle time and f inal ly ,  i f  the cage temperature drops 
sufficiently,  w i l l  remain on continuously. A fur ther  drop i n  cage tempera- 
ture,  below the dead band, w i l l  turn on the large heaters. The power t o  these 
heaters i s  a lso time proportioned i n  accordance with the load. A reduction 
i n  load would cause the cage temperature t o  r i s e  s l ight ly  and would reverse 
the  previously described process, I f  the cage temperature r i s e s  above the  
upper band high l i m i t ,  a l l  heat w i l l  be cut off , 
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Waste Management Subsystem 

The waste management subsystem opera tes  pas s ive ly  on the  p r i n c i p l e  of 
phase sepa ra t ion  of s o l i d s ,  l i q u i d s ,  and gases  by u t i l i z i n g  a i r  flow. The 
s o l i d s  a r e  t rapped by pass ing  a l l  air  flow through an 8 mesh s t a i n l e s s  
s t e e l  screen.  The l i q u i d s  a r e  t rapped by employing a 1800 r e v e r s a l  of a i r  
flow t o  sepa ra t e  l i q u i d  d r o p l e t s  from the  air  stream. These d r o p l e t s  a r e  
deposi ted i n  wicking m a t e r i a l  where they  a r e  r e t a ined  by c a p i l l a r y  ac t ion .  
The wicking m a t e r i a l  is  4 l b / f t 3  h e a t - f e l t e d  f i b e r g l a s s  impregnated wi th  
phosphoric ac id .  

The f i b e r g l a s s  wicking m a t e r i a l  i s  r e t a ined  by means of (1) sewing it 
t o  s t a i n l e s s  s t e e l  support  sc reening  and ( 2 )  covering i t  wi th  a f i b e r g l a s  
n e t  m a t e r i a l .  The phosphoric ac id  impregnation absorbs any ammonia which 
i s  generated from urea  breakdown and i n  add i t i on  a c t s  a s  a  b a c t e r i c i d e .  

The c o l l e c t e d  s o l i d s  a r e  a i r - d r i e d  and soon s t a b i l i z e  i n  terms of 
b a c t e r i o l o g i c a l  a c t i v i t y .  The l i q u i d s  which a r e  entrapped i n  t h e  wicking 
r e l e a s e  water  vapor t o  t h e  a i r  stream. These vapors even tua l ly  a r e  c a r r i e d  
off by the  capsule a i r  flow. 

I n t e r m i t t e n t  opera t ion  of both t h e  cage l i n e r  r e t r a c t i o n  mechanism 
and the  2000 cfm f a n  tend t o  dislodge and t r a n s p o r t  waste m a t e r i a l s  which 
f a i l e d  t o  a r r i v e  a t  t h e  waste management subsystem a r e a  by t h e  normal 
method, e s p e c i a l l y  under weight less  condi t ions .  

Feeder Subsystem 

The feeder  u t i l i z e s  the  vo lume t r i ca l ly  e f f i c i e n t  concept of  random 
bulk  s to rage .  The t a b l e t s  a r e  contained i n  a  v e r t i c a l  c y l i n d r i c a l  c a n i s t e r  
18 inches  i n  diameter by 39 inches high.  Near t h e  bottom of t he  c a n i s t e r  
i s  a l i p  device which pro t rudes  i n t o  t h e  cage when t h e  f eede r  i s  mounted 
on t h e  cage wa l l .  

The t a b l e t s  a r e  contained between two con ica l  su r f aces  whose apexes 
p o i n t  upward and which n e s t  t oge the r  as the  t a b l e t s  a r e  dispensed.  The 

e x e r t s  a fo rce  toward t h e  lower c o n i c a l  sur face ,  compressing any t a b l e t s  
l oca t ed  between, by means of cons tan t  f o r c e  sp r ing  motors. Thus, as the  
t a b l e t s  are dispensed, t h e  void  is taken  up, and a  f o r c e  i s  maintained 
which tends  t o  keep t h e  72 cups f i l l e d .  A p a t t e r n  of r e s i l i e n t  r i d g e s  
bonded t o  t h e  lower c o n i c a l  su r f ace  and on the  v e r t i c a l  c y l i n d r i c a l  wall 
tends t o  accentuate  this e f f e c t .  Below t h e  lower con ica l  su r f ace  i s  a  
mechanism which rams a  t a b l e t  a t  a f i x e d  index s t a t i o n  out  through t h e  
center  of t h e  l i p  device.  This a c t i o n  t a k e s  p l ace  3/4 of a  second a f t e r  
t h e  mechanism starts moving. The ram then  r e t r a c t s ,  and while  r e t r a c t e d ,  
t he  lower con ica l  su r f ace  indexes one d i v i s i o n .  The whole cycle  t a k e s  
s l i g h t l y  l e s s  t h a n  5 seconds. Control  of t iming between indexing  and 
ramming i s  provided by a  s i x - s t a t i o n  Geneva mechanism and a  f a c e  cam w i t h  



extensive dwell  time. The upper con ica l  sur face  free-wheels inasmuch a s  
f r i c t i o n  al lows.  A v e r t i c a l  c e n t r a l  f l u t e d  s h a f t  maintains  c o n c e n t r i c i t y  
of t h e  two cones. 

Two redundant gear motors provide motive power t o  the  mechanism through 
Sprague - type u n i - d i r e c t i o n a l  dr ive  c lu t ches .  I n  case of f a i l u r e  of one u n i t  
u n i t ,  the  second may take  over with no mechanical c lu t ch ing  o r  s h i f t i n g  
requi red .  Two s e t s  of redundant SPDT microswitches provide ( 1 )  an a c t u a t i o n  
concurrent  wi th  maximum outbound motion of t h e  ram, and ( 2 )  an a c t u a t i o n  
near  completion of t he  cyc le .  The f i r s t  s e t  of microswitches provides  a 
n t a b l e t  deliveredfl s i g n a l .  The second s e t  of microswitches cause t h e  mech- 
anism t o  shut  down. 

To f i l l  t he  feeder ,  t he  hand hole  cover p l a t e  on the  upper dome i s  
removed, and the  upper c o n i c a l  pressure  p l a t e  r a i s e d  t o  i t s  maximum he igh t .  
The locking p i n  i s  then  r o t a t e d  one qua r t e r  t u r n  t o  engage t h e  d e t e n t  
groove. The hand hole  cover p l a t e  on t h e  pressure  p l a t e  i s  then  removed nad 
a  f l e x i b l e  tube  about 6 inches  i n  diameter and 4 f e e t  long i s  i n s e r t e d  
through both hand holes  s o  t h a t  it r e s t s  on t h e  bottom con ica l  su r f ace .  The 
f eede r  i s  t h e n  f i l l e d  through t h i s  tube.  

The e l e c t r i c a l  po r t ion  of t h e  f eede r  assembly c o n s i s t s  of two 208 v,  
316, 400 Hz, i nduc t ion  motors f o r  d r iv ing  the  f eede r  mechanism and six 
microswitches f o r  sens ing  l i p  swi tch  a c t i v a t i o n ,  p e l l e t  dispensed, and 
cycle  complete func t ions .  It a l s o  conta ins  a s e t  of dual-f i lament  lamp 
bulbs which se rve  a s  cue l i g h t s .  The con t ro l  console  conta ins  one l o g i c  
card  and the necessary  c o n t r o l  and d i s p l a y  components. 

During normal operat ion,  t h e  programmer provides  an  arming s i g n a l  t o  
t h e  feeder  l o g i c  card .  This  s i g n a l  enables  one inpu t  of a  two i n p u t  ftandfl 
ga t e .  The o t h e r  i n p u t  i s  enabled by t h e - l i p  swi tch  a c t i v a t i o n  s i g n a l .  Thus, 
when t h e  programmer arms the  f eede r  l o g i c  and t h e  primate a c t i v a t e s  t h e  
l i p  device, t he  system t r a n s f e r s  t o  t h e  cyc l ing  mode and t h e  f eede r  motor 
s t a r t s .  

Approximately 0.75 seconds l a t e r ,  t h e  I tpel le t  dispensed" microswitches 

c o n t a c t  c lo su re  t o  the programmer, which removes t h e  arming s i g n a l .  The 
f eede r  w i l l  cont inue t o  opera te  through the  cyc le  u n t i l  t he  ncycle completen 
microswitch r e s e t s  t h e  system l o g i c .  A t  this time t h e  400 Hz power i s  removed 
from the  motor and a small DC cu r r en t  i s  appl ied  t o  t h e  windings f o r  dynamic 
braking.  The f eede r  system w i l l  remain i n  t h e  r e s e t  mode u n t i l  commanded 
norm by the  arming and l i p  device a c t i v a t i o n  s i g n a l s .  

!!Lip swi tch  overridell and i t l ip  swi tch  blocklt func t ions  a r e  incorpora ted  
i n  t h e  f eede r  l o g i c  t o  provide manual c o n t r o l  from the  console.  



Water- Subsystem 

The required 385 pounds of water is  stored in two ident ical  spherical 
bladder tanks. A pressurant (e i ther  dry nitrogen or dry air) is  admitted 
t o  the top of each tank, The subsystem opzratfng pressure i s  35 psig with 
a re l ie f  valve se t  at  50 psig. The subsystem proof pressure i s  100 psig, and 
the burst pressure is 200 psig minimum. In addition, the en t i re  subsystem 
may withstand complete evacuation without harm. The water system i s evacuated 
and then f i l l e d  with a 10$ ethylene oxide-%$ CO s t e r i l i z ing  gas mixture. 
This mixture is  held in the system f o r  at l eas t  $2 hours. Af'ter evacuation 
of the s t e r i l i z ing  gas, the system is  flushed with s t e r i l e  water and f i l l e d  
with f i l t e r e d  and heat-steril ized t ap  water. 

Each tank has a latching solenoid shut-off valve. A cross-connect 
latching solenoid valve permits either or both supply tanks t o  supply the  
dispensing system, These valves are located on a panel affixed t o  the  
ground handling doLLy, Located on the same panel a re  water sanpling ports. 
Each sampling port, which consists of a rubber septum, is  covered with a 
pressure t i gh t  cap which prevents d i r t  from entering the septum area. It 
also provides a backup pressure t i g h t  bar r ie r  i n  case of septum fai lure .  
The septum w i l l  sustain a large number of needle penetrations, i f  the  
penetrations are widely spaced from each other. A record of septum penetra- 
t ion  clock position should be maintained t o  preclude multiple penetrations 
in  the same location. Water sampling nmst be done with s t e r i l e  instruments 
and using a technique which w i l l  not introduce micro-organisms into the 
water system, 

Af'ter passing through the sampling ports, the water flaws through 
f lex ib le  hoses ( t o  permit cage elevation) t o  a microbial f i l t e r  and then 
t o  the dispensing valve panel. This panel is  located on the cage w a l l  and 
contains two para l le l  aliquot accumulators which al ternately charge and 
discharge a measured amount of water as controlled by two 3-way valves. 
The metered water from e i ther  accumlator i s  then forced by a discharge 
spring through an ad justable f l c r w  control valve and another sampling port 
block. This sampling port permits withdrawal of samples as close as  possible 

The l i p  device protrudes through the cage wall  and constitutes the 
animal/waterer system interface,  The animal places i ts  mouth over the  l i p  
device and bi tes .  A s  it bi tes ,  a lever actuates two redundant; hermetically 
sealed SPllll microswitches. These switches cause a chain of events t o  occur 
which r e su l t  i n  a measured amount of water t o  be delivered in to  the animal's 
mouth. Surrounding the l i p  device is  a back-lighted round, translucent, 
white window which cues the anha1 t o  the f ac t  t ha t  the  system i s  ready f o r  
operation. I f  the animal removes i ts  l i p s  from the l i p  device during the 
delivery phase, the water w i l l  keep flawing u n t i l  the metered amount i s  
delivered. 



The a l i q u o t  accumulator has p rov i s ions  f o r  a d j u s t i n g  t h e  volume 
d e l i v e r y  from 1 t o  5 cc per  ac tua t ion .  The discharge p re s su re  may a l s o  be 
ad jus ted  from 1.5 t o  5 ps ig .  When t h e  volume adjustment h a s  been made, the  
c o n t r o l  panel  knob should be ad jus t ed  t o  maintain the  d i g i t a l  counter  i n  
synchronism wi th  the  accumulator. F igure  5 dep ic t s  the mechanism f o r  ad jus t -  
ment of d e l i v e r y  volume and pressure .  

The water system c o n s i s t s  of t h r e e  l a t c h i n g  and two non-latching 
so lenoid  va lves ,  two a l i q u o t  accumulators and a l i p  dispensing device as 
ind ica t ed  i n  t h e  above desc r ip t ion .  The system i s  con t ro l l ed  and ac tua ted  
by t h r e e  log ic  cards  l oca t ed  i n  the l i f e  support rack of t he  con t ro l  console.  

Valves W 1 ,  W7 and ~4 a r e  the  l a t c h i n g  solenoid va lves .  They a re  operated 
from a 28 vdc source and con t ro l l ed  by  4 PDT switches of which 3 poles  a r e  
a l t e r n a t e  switching and 1 pole  is  momentary. This pole  arrangement allows 
power t o  be app l i ed  t o  t h e  valve only  during ac tua t ion  time. Valves W2 and 
WS which a r e  t h e  non-latching so lenoid  va lves ,  a r e  a l s o  opera ted  from a 28 
vdc source bu t  a r e  con t ro l l ed  by a  s o l i d  s t a t e  switch loca t ed  on t h e  l o g i c  
card .  

The l i p  device  arming s i g n a l  from t h e  programmer i s  gated wi th  t h e  
l i p  device a c t i v a t i o n  s i g n a l  t o  y i e l d  a  'twater dumptf s i g n a l .  A t  t h i s  time 
power i s  appl ied  t o  va lve  W2 ( o r  WS depending on which va lve  i s  enabled) 
which allows t h e  water t o  flow from a l i q u o t  W3 t o  the  l i p  device ( ~ 6  a l i q u o t  
works i n  conjunct ion wi th  va lve  6). When the  a l i q u o t  i s  empty, an i n t e r n a l  
swi tch  f eeds  back an flemptyn s i g n a l  t o  the  system l o g i c .  This  s i g n a l  i s  
delayed by approximately 1 . 0  second t o  i n su re  complete a l i q u o t  de l ive ry .  
It then  t r i g g e r s  t he  cc dispensed counter  and r e s e t s  t he  system l o g i c .  This 
func t ion  removes the  power from va lve  W2 and al lows a l i q u o t  W3 t o  r e f i l l .  
Another s e t  of switches i n  t h e  a l i q u o t  accumulator i s  used f o r  monitor ing 
purposes t o  i n d i c a t e  a f u l l  condi t ion .  The system i s  now r e s e t  and ready 
f o r  m o t h e r  cyc le .  

Biomedical Monitoring Subsystem 

e biomedical monitor ing subsystem i s  shown i n  block diagram form 
i n  F igures  6, 7 and 8. This  system performs a number of func t ions  i n c l u d i n g  
t h e  measurement of pr imate body temperature,  ECG, a c t i v i t y ,  voca l i za t ion ,  
and presence i n  t h e  r e t r i e v a l  c a n i s t e r .  The system a l s o  provides audio cues 
t o  t he  pr imate i n  response t o  s i g n a l s  from t h e  behaviora l  programmer. 

Temperature and ECG.- These parameters a r e  broadcas t  from two sepa ra t e  
t r ansduce r / t r ansmi t t e r s  s u r g i c a l l y  implanted wi th in  t h e  an imal ' s  body. 
Receiving antennas i n  t h e  cage wall and on t h e  r e t r i e v a l  c a n i s t e r  a r e  
coupled and t h e  rece ived  s i g n a l  i s  amplif ied and t r ansmi t t ed  through c o a x i a l  
cab l ing  t o  t he  r e c e i v e r s  ( s ee  Figure 9 )  i n  t he  c o n t r o l  console.  

The s i g n a l s  from two implanted t r a n s m i t t e r s  must be rece ived  w i t h  
adequate s i g n a l  s t r e n g t h  f o r  a  l a r g e  percentage of time r e g a r d l e s s  of  t he  
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animal 's  p o s i t i o n  o r  o r i e n t a t i o n  i n s i d e  the  cage o r  i n  t h e  r e t r i e v a l  
c a n i s t e r .  

The t r a n s m i t t e r s  a r e  Whittaker,  Type BT2 which operate  i n  the  88-108 
MHz band. For proper  r ecep t ion  t h e  two f requencies  should be a t  l e a s t  1 . 0  
MHz, bu t  no more than  5 , 0  MHz a p a r t .  The r e c e i v e r s  a r e  L & M, Type 1007, 
designed t o  opera te  wi th  t h e  Whittaker t r a n s m i t t e r s .  

According t o  t h e  manufacturer 's  s p e c i f i c a t i o n  t h e  t r a n s m i t t e r  produces 
a f i e l d  s t r e n g t h  of S & V / ~  a t  a  d i s t ance  of 1 0  f e e t .  If it i s  assumed 
t h a t  t he  r a d i a t i o n  p a t t e r n  i s  t h a t  of a  d ipole  t h i s  corresponds t o  a  t o t a l  
r ad i a t ed  power of 1 0 p W  or  -80 dBm. Presumably, this i s  the  peak p u l s e  
power. 

The r e c e i v e r  i s  s p e c i f i e d  t o  have a  t a n g e n t i a l  s e n s i t i v i t y  of -99 dBm 
and a noise f i g u r e  of 7 dB. 

Combining t h e  two s p e c i f i c a t i o n s  imp l i e s  t h a t  a t o t a l  t ransmiss ion  l o s s  
of approximately 1 9  dB i s  acceptab le .  

The main cage i s  a  meta l  cy l inde r ,  3411 i n  diameter and 48" long wi th  
one end c losed  b y  a meta l  g r i l l  and the  o ther  end l a r g e l y  open. Since t h e  
diameter i s  much smal le r  t han  a h a l f  wave l eng th  of t h e  t r ansmi t t ed  s i g n a l  
such a  meta l  cy l inde r  w i l l  a c t  as an a t t e n u a t o r  r a t h e r  than  as an o rd ina ry  
wave gui  de . 

Each of t h e  te lemet ry  t r a n s m i t t e r s  can be considered a s  a magnetic 
dipole  and w i l l  e x c i t e  one o r  more of t h e  normal modes i n  t he  c ros s - sec t ion  
of t h e  cage. The f i e l d  p a t t e r n  which i s  c h a r a c t e r i s t i c  of each e x c i t e d  
mode w i l l  be repea ted  i n  o the r  c ros s - sec t ions  without  r o t a t i o n  o r  phase 
s h i f t ,  b u t  a t t e n u a t e d  exponent ia l ly  w i th  the  a x i a l  d i s tance  between c r o s s -  
s ec t ions .  The a t t e n u a t i o n  cons tan t  i s  l a r g e l y  independent of frequency b u t  
i s  i n v e r s e l y  p ropor t iona l  t o  t h e  diameter and is  d i f f e r e n t  f o r  each mode. 
A summary of t h e  ' f i e l d s  and c h a r a c t e r i s t i c s  of t h e  f o u r  lowest modes ( see  
Ref. 3 )  i s  presented  i n  Tdble 1. It i s  seen t h a t  t he re  w i l l  be a t  l e a s t  
39 dB a t t e n u a t i o n  from one end of t h e  cage t o  the  o the r .  I f ,  however, t h e  

give a t  l e a s t  24 dB more a t t e n u a t i o n ,  

From this i t  i s  apparent  t h a t  an  antenna placed a t  or near  t h e  open 
end of the  cage would not  be s a t i s f a c t o r y .  The only o the r  a r e a  a v a i l a b l e  
f o r  p l ac ing  t h e  antenna i s  a narrow s t r i p  along t h e  s i d e  where the  f l e x i b l e  
l i n e r  i s  a t t ached  t o  t he  cage s t r u c t u r e .  

Based on t h e  r e s u l t s  of t h e  cage antenna development t e s t s ,  t h e  
system was designed a s  shown i n  F igures  10  and 11, us ing  four  magnetic 
d ipo le s  l oca t ed  along t h e  cage wal l .  
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COPPER SHIM 
0.125 x 0.003 

FERRITE MATERIAL: 

CERAMIC MAGNETICS NO. C-2075 



.086 COAXITUBE, 50 S2 

PF 

- - 
figure L1 Cage Ante 



Each magnetic d ipole  c o n s i s t s  of a  317 long rod of f e r r i t e  wi th  a 
s i n g l e  t u r n  c o i l .  The fou r  d ipo le s  a r e  connected through SO-% c o a x i a l  cab le  
t o  a  s i g n a l  combiner c o n s i s t i n g  of t h r e e  3 dB/90° hybrids .  

With the  connections shown i n  F igure  11, t h e  s i g n a l s  from two neigh- 
boring d ipo le s  cannot cancel  due t o  t h e  90° phase s h i f t  i n  each hybrid.  
However, a  s i g n a l  l o s s  of approximately 5 dB r e s u l t s  from t h e  use of this 
combiner . 

Since t h e  c a n i s t e r  i s  smal l  and made of d i e l e c t r i c  ma te r i a l ,  a  s i n g l e -  
t u r n  c o i l  surrounding the  c a n i s t e r  can be tuned t o  t h e  t r a n s m i t t e r  f requency 
and w i l l  always r ece ive  a  s t r o n g  s i g n a l  when the  t e s t  animal i s  i n s i d e .  

I n  order  t o  t ransmi t  t h e  s i g n a l s  from both cage and c a n i s t e r  on one 
cable ,  they  a r e  combined a s  shown i n  Figure 1 2 .  The s i g n a l  from the  cage 
antenna i s  amplif ied before  combining wi th  the  c a n i s t e r  s i g n a l .  

A c t i v i t y  Monitoring.- The a c t i v i t y  monitoring subsystem c o n s i s t s  of 
t h r e e  endent elements.  A c t i v i t y  of t h e  pr imate i s  
r e g i s t e r e d  whenever t h e  animal (1 )  changes the  implanted b i o t r a n s m i t t e r  
f i e l d  s t rength/antenna r e l a t i o n s h i p ,  o r  (2 ) changes t h e  implanted magnet 
f l u x  field/magnetometer r e l a t i o n s h i p ,  o r  (3)  i n t e r r u p t s  a l i g h t  beam. 

The f i e l d  s t r e n g t h  a c t i v i t y  subsystem provides an output  pulse when- 
ever  t he  t r a n s m i t t e r  (animal)  moves. Both t h e  temperature and e l e c t r o -  
cardiogram c i r c u i t s  provide such outputs .  It i s  t o  be noted t h a t  t he  output  
i s  a s soc i a t ed  w i t h  a  change of f i e l d  s t r eng th ,  n o t  j u s t  a t ta inment  of a 
th re sho ld  va lue .  

I n  a d d i t i o n  t o  t h e  two b io te lemet ry  sensors ,  a smal l  permanent magnet 
can be implanted i n  t h e  animal. Four magnetometer p i ck  up c o i l s  ( see  Fig.  7 )  
a r e  arranged about t he  cage. These c o i l s  w i l l  p i ck  up t h e  magnetic f i e l d  
surrounding t h e  animal and w i t h  subsequent c i r c u i t r y  provide a  pulse when- 
ever  t he  magnet (animal) moves. 

The p h o t o c e l l / l i g h t  source subsystem (see F ig .  8 )  i s  a s i n g l e  beam of 

w i t h i n  t h e  cage. 

A c t i v i t y  of t h e  animal i s  r e g i s t e r e d  on t h e  c o n t r o l  pane l  by  a 
momentary whi te  l i g h t  and a  d i g i t a l  count whenever any o r  all of t h e  t h r e e  
appropr ia te  a c t i v i t y  s enso r s  a r e  s t imula ted .  The counters  may be c l e a r e d  
manually t o  ze ro  when des i red .  

Sound Detec t ion . -  The sound de. tect ion system c o n s i s t s  of a microphone 
l o c a t e d  i n  t h e  cage roof which r ece ives  t he  an imal ' s  voca l i za t ions .  These 
sounds a r e  broadcas t  t o  t he  opera tor  through the  control-console  mounted 
loudspeaker ( s ee  F ig .  13) .  Vocal iza t ion  of t he  primate causes a  t a p e  
recorder  t o  s t a r t  and t o  record  t h e  primate 1s v o c a l i z a t i o n .  A 3.5 second 
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time delay relay shuts off the recorder a f i e r  each sound event, 

Presence Sensor.-= A sensor is provided in  the  re t r ieva l  canister which 
detec presence by vir tue of h i s  contact with one o r  more 
copper bands inside the canister, and with a ring located a t  the entrance 
t o  the canister.  The primate thus completes a l a w  voltage e l ec t r i ca l  c i rcu i t  
providing an indication of h i s  presence i n  the canister.  

Behavioral Task Panel 

The behavioral task panel (see Fig. 14) consists of three small levers 
arranged in  a horizontal pattern belaw, and t o  the r ight  (as the animal 
views it), of the feeder l i p  device i n  the cage. Each lever i s  0.38 inch 
in  diameter and protrudes 1.0 inch into the cage. Surrounding each lever  
is  a cue lamp consisting of a circular colored acryl ic  window which i s  
back-lighted by three twin-filament 28 vdc lmps.  Control of cue lamp 
intensity i s  provided by adjusting three potentiometers (one f o r  each lever) 
located on the back of; '  the control console. Operation of each lever upwards 
approximately 0.25 inch, with a force of approximately three ounces, causes 
actuation of two SPDT switches. Operation of any of the  three behavioral 
panel subsystem levers by the animal i s  registered on the control panel by 
a momentary l ighting of one of the three white l ights .  Control of the 
behavioral panel subsystem, other than varying cue l igh t  levels  as discussed 
above, is  vested i n  the behavioral programmer. 

Exerciser 

The exerciser i s  located i n  the cage roof assembly. It i s  a four-stage 
cantilever-mounted telescoping piston with a t o t a l  stroke of 43.9 inches. 
(see Fig. 15). When fully retracted, the handle resides i n  a well  in  the 
roof above the  leve l  of the top of the cage l iner .  Thus, no conflict  can 
occur a s  the l i n e r  sweeps past during a retract ion procedure. A rectangular 
box on top of the outermost stationary tube houses the various electro- 
mechanical components which complete the exerciser instal la t ion.  

e hand w i l l  f i t  on 

handed us&e of the  device by the animal.  hermo more, the handle can ro ta te  
about the telescoping axis. 

Each stage of the telescoping assembly contains a pair of spring-loaded 
tef lon slippers which bear outwardly against the  inner diameter of the next 
larger tube. These pads may be adjusted t o  produce more or  l e s s  f r i c t i o n  
a s  desired, by changing the spring force. 

A constant force spring motor i s  connected t o  the innermost stage by 
a small diameter wire rope. This force tends t o  counter-balance the dead 
weight of the mechanism. Through a system of rubber-toothed be l t s ,  the 
drum of the spring motor drives a ten-turn helical-wound potentiometer, and 







in  tusn llaay be b i v e n  by a g e e  motor thssugh a solenoid-operated clutch. 

polentiomter p m i d e s  a i rec t  malog sensing of exerciser 
'Phe gear motor retrrrcts the exerciser by ing on the 

small d i m t e r  wire r o p .  m e  solenoid-owwed clutch d i s e w ~ e s  the gear 
motor frm the drive t m i n ,  permit t iw mimsl opemtion of the subsystem. 
The c l d c h  may a lso  be engwed w i t  rgiz%ng the gear motor so a s  t o  
prevent the exerciser from extend t where the 
clutch w a s  engaged. In case of mecha 

a hole in  the rect  
h is  nut i n  a coun 

levate the exerciser from the  LO 
e r  drives a curre 
s a vo l twe  signal t o  comparator c i rcu i t s  f o r  e v e n t - t m  
ion. The event-type i n f o m i o n  camprises three d i s t inc t  

exerciser handle positions: retmcted, up and d m .  

The mass measurement subsystem f o r  the  T m  is  of the conventional 
load-cell type a d  is  intended only f o r  operation in one g .  Three 75 l b  
capacity load c e l l s  support the en t i r e  cage f loor  including a l l  moving 
and non-mavim prts. 

The en t i r e  f loor  including the se t r i eva l  piston and actuator is load 
sensit ive and it is constmfned radia l ly  and rotationallgr. Four sections 
of tubing and four e l ec t r i ca l  cables cross the sensit ive interface.  They 
have been arranged carefully t o  induce as l i t t l e  spring force and hysteresis 
a s  possible on the  subsystem. 

e control uni t  (See Fi 16) provides a d ig i t a l  visual. output and 
log output f o r  secordi 

A s  wastes build up on the floor,  chsnging the ta re  weight, the option 
exis t s  of zeroing out t h i s  additional t a r e  weight, providing the  animal 
is off the  f loor .  The mass measwment subsystem w i l l  a lso  m g i s t e r  ac t iv i ty  
and r e t r i eva l  events. The load-cells have a safe overload l imi t  of 30046 

ich w i l l  eas i ly  handle the load associated w i t h  the seating of t h  
r e t r i eva l  piston. 

Television Subsystem 

The televis ion subsyslem consists of the follcrwing units:  

Pash and tilt mchanism 
Camera 
Carrem contml  uni t  
Zoom Lens 

Monitor 
Side mount 
Wide angle lens 





Both the  pan and tilt and the  s i d e  mount a r e  designed t o  accept  t h e  
same camera, t h u s  a s i n g l e  camera may be switched from one p o s i t i o n  t o  t h e  
o the r .  I n  case  a second camera, c o n t r o l  u n i t ,  and monitor a r e  acqui red  
l a t e r ,  two simultaneous cage views may be obtained.  

The pan and tilt u n i t  conta ins  t h e  camera and zoom l e n s  ( s ee  F i g .  17) .  
It i s  mounted on t h e  roof of t h e  cage on an inc l ined  plane (10' o f f  
ho r i zon ta l ) .  

Since t h e  zoom l e n s  assembly i s  a commercial u n i t  normally not  used t o  
focus c l o s e r  t han  4 f e e t ,  an a d d i t i o n a l  mechanism i s  i n s t a l l e d  t o  provide 
e x t r a  adjustment  of t h e  v id icon  wi th  r e s p e c t  t o  t he  1ens.This i s  accomplished 
by mounting t h e  camera i n  two saddles  which a re  dr iven by a l e a d  screw. 
The t o t a l  t r a v e l  of t h e  camera is  1 . 0  inch.  The camera i s  t o t a l l y  enc losed  
wi th in  a box which is  both l i g h t  and dus t  t i g h t .  The zoom l e n s  i s  h e l d  
s t a t i o n a r y  wi th in ,  and comprises an end c losure  of ,  t h e  same box. The e n t i r e  
box tilts about  an a x i s  near t h e  l ens  ob jec t ive  t h u s  minimizing the  s i z e  of 
t h e  roof pene t r a t ion .  The l i m i t s  of tilt a r e  + 3s0. The tilt a x i s  i s  r o t a t e d  
t o  produce 350° of pan. An o p t i c a l l y  f l a t  widow i s  i n s t a l l e d  i n  t he  base 
of t h e  u n i t  t o  provide a i r - t i g h t  i n t e g r i t y  t o  t h e  cage. A long s h e e t  of 
mylar f i l m  i s  l e d  i n  f r o n t  of t h e  window from a supply spool  t o  a motor- 
dr iven  take-up spool .  Pe r iod ica l ly ,  when t h e  exposed mylar becomes d i r t y  
from va r ious  causes,  t h e  take-up i s  dr iven  t o  provide a f r e s h  c l ean  s h e e t  
of p r o t e c t i v e  f i l m  over the  g l a s s  window. A p r o t e c t i v e  screen  assembly 
between t h e  mylar f i l m  and the  monkey completes t h e  i n s t a l l a t i o n .  

A l l  gear  motors a r e  t he  same. A l l  d r i v e s  have s l i p  c lu tches ,  l i m i t  
switches,  and mechanical s t o p s  except  t h e  mylar f i l m  t r a n s p o r t  which merely 
has a s l i p  c l u t c h .  The zoom l e n s  has remote iris and focus con t ro l .  

The camera and pan and tilt cab le s  a r e  arranged i n  a generous s p i r a l  
t o  reduce t h e  f l e x u r a l  load on t h e  pan and tilt d r ive  motors. The pan and 
tilt d r i v e s  u n t i l  it encounters an obs t ac l e .  The two most prominent i n t e r -  
f e r ences  a r e  t h e  duct ing and the r e t r i e v a l  c a n i s t e r .  When it encounters  
t hese ,  t h e  c lu t ches  commence s l i p p i n g  and the  u n i t  comes harmlessly t o  

The s i d e  mount i s  a f i x e d  camera i n s t a l l a t i o n  wi th  a wide angle l e n s  
(95' f i e l d  of view). The ir is  of the  l e n s  i s  adjus ted  manually. The f o c u s  
i s  f i x e d .  A window, mylar f i l m  t r a n s p o r t ,  and screen  a re  i n s t a l l e d  f o r  t h e  
same reasons  as f o r  t h e  pan and tilt u n i t .  One d i f f e r e n t  f e a t u r e  of t h i s  
i n s t a l l a t i o n  i s  t h e  quick removal mechanism. I n  an emergency, a t e e  handle  
on top  of t h e  assembly i s  pu l l ed  towards t h e  opera tor  (away from cage ) .  
A s  it r o t a t e s  downwards, p ins  disengage, and t h e  whole u n i t  (camera and 
screen  inc luded)  drops away from the cage l eav ing  a c l e a r  r ec t angu la r  hole  
through which t h e  primate may be removed, o r  a f i r e  ex t inguisher  i n s e r t e d .  
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I l luminat ion  Subsystem 

The b a s i c  cage i l l umina t ion  comes from f o u r  roof-mounted 18 i n c h  long  
Vi t a -L i t e  SCD 1 5 ~  f luo rescen t  lamps made by Dwo Tes t  Corporation. 
Supplementary i l l u m i n a t i o n  i s  provided by two smal l  incandescent  n i g h t  
l i g h t s  i n  t h e  roo f  assembly, by a l l  cue l i g h t s ,  and by whatever l i g h t  may 
come through the  s o c i a l  panel .  The f l u o r e s c e n t  lamps are  powered by 400 Hz 
115 V ac  c u r r e n t  u s ing  a GE FS-2 s t a r t e r  and a  GE 9T39Y2972 b a l l a s t .  
F luo rescen t  lamps a r e  s e q u e n t i a l l y  ext inguished t o  a d j u s t  t h e  l i g h t  i n -  
t e n s i t y .  

The n i g h t  l i g h t s  and a l l  cue l i g h t s  except f o r  t h e  e x e r c i s e r  are 
modulated by a d j u s t i n g  potent iometers  on the  r e a r  of the  c o n t r o l  console .  
The exe rc i se r  cue l i g h t s  a r e  ad jus ted  on the  c o n t r o l  panel.  

Basic  c o n t r o l  of t h e  day/night cyc le  i s  ves ted  i n  the behaviora l  
programmer. A manual over r ide  permits  opera tor  c o n t r o l  when des i red .  



RELIABILITY AND QUALITY ASSURANCE PROGRAM 

Qua l i ty  and r e l i a b i l i t y  s u r v e i l l a n c e  and con t ro l  func t ions  were i m -  
plemented i n  accordance with t h e  requirements i n  the  s tatement  of work. 

Design drawings, s p e c i f i c a t i o n s  and t e s t  procedures were reviewed and 
approved by the  Product Assurance Program Representat ive (PAPR) who was 
assigned t o  t h e  program. Recommendations by the  PAPR t o  def ine  in spec t ion  
c r i t e r i a ,  and t o  improve r e l i a b i l i t y  were incorpora ted  i n t o  the  engineering 
documentation. 

Inspec t ion  a u d i t  po in t s  r equ i r ed  during t h e  manufacturing, assembly 
and t e s t i n g  sequence were annotated on the  Wwk Authorizing Documents (WAD). 
Nonconformances between hardware and engineering documentation were noted 
on t h e  r eve r se  s i d e  of t h e  WAD and submitted t o  m a t e r i a l  review f o r  
d i s p o s i t i o n .  Ma te r i a l  review, composed of t h e  PAPR and the  TFDM P r o j e c t  
Engineer, prepared i n s t r u c t i o n s  t o  c o r r e c t  o r  t o  use the  d i sc repan t  hardware. 

I n t e g r i t y  of hardware conf igura t ion  was preserved by s e v e r a l  c o n t r o l  
methods. A 1 1  incoming raw m a t e r i a l  and purchases components were inspec ted  
t o  i n s u r e  compliance w i t h  engineering requirements,  and t h e  acceptab le  
hardware placed i n  a locked storeroom. Issuance from the storeroom was 
v e r i f i e d  by in spec t ion .  "Red-lineda drawings, signed by the TFDM P r o j e c t  
Engineer were used t o  record  changes t o  o r i g i n a l  engineering requirements .  
A l l  changes were subsequent ly incorpora ted  a s  engineering change orders  
t he reby  in su r ing  compa t ib i l i t y  between engineering requirements and t h e  
"as -bui l tn  hardware. 

A p r o j e c t  l o g  book was de l ivered  wi th  the  TFDM. The l o g  book was 
s t a r t e d  w i t h  the  i n i t i a l  f a b r i c a t i o n  of hardware and documentation was added 

of events  significant t o  t h e  TFDM hardware manufacturing and t e s t .  

Other documentation, no t  considered s i g n i f i c a n t ,  b u t  necessary  f o r  
admin i s t r a t i ve  or c o n t r o l  purposes,  and p a r t i c u l a r l y  a s  a  "backup" t o  t h e  
l o g  book i s  r e t a ined  by LMSC f o r  a u d i t  o r  review. 

S i g n i f i c a n t  t e s t i n g ,  p a r t i c u l a r l y  t h e  fourteen-day acceptance t e s t ,  
was witnessed by t h e  PAPR, who p e r i o d i c a l l y  v e r i f i e d  d a t a  en t e red  i n  the  
t e s t i n g  p o r t i o n  of t h e  l o g  book. 

I n  add i t i on ,  t he  PAPR v e r i f i e d  p o s t - t e s t  co r r ec t ive  a c t i o n s  and prep-  
a r a t i o n  of t he  hardware f o r  shipment. 



The LMSC t es t ing  of the hardware fo r  the TFDkl can be divided in to  
three basic categories: development, system and acceptance t e s t s ,  Develop- 
ment tes t ing provided a means fo r  design concept ver if icat ion with hardware 
prior t o  the f i n a l  d e t a i l  design and hardware fabrication. System t e s t s  
were used t o  measure the  performance of a complete sub-system or  t o t a l  
system. Acceptance t e s t s  were of two types: (1) component acceptance t e s t s  
and (2) the TFIM acceptance t e s t .  A functional t e s t  on equipment from 
suppliers w a s  conducted a t  the subsystem and system t e s t  level. Equipment 
supplied GFE, such as the behavioral programmer was not subjected t o  
individual acceptance t e s t  but w a s  inspected fo r  general condition and f o r  
damages resulting from sh ipen t .  Progr r performance w a s  determined 
during the subsequent system testing. 

Development Testing 

Development tes t ing  was conducted t o  produce engineering information 
t o  aid i n  the design of d e t a i l  components of subsystems and determine 
problem areas requiring corrective design action. 

Retrieval canister f loor  load.- The f loor  of the re t r ieva l  canister 
i s  located on the f loor  of the animal cage and serves as  a part of the  
cage f loor  u n t i l  the  r e t r i eva l  operation i s  in i t ia ted .  A t  completion of 
cage roll-up, a pneumaLic telescoping elevator, located under the center 
of the domed canis ter  floor,  i s  actuated. This ra i ses  the canister f loor  
u p a r d  and forces the  animal and f loor  in to  the r e t r i eva l  canister. The 
floor,  thus being inserted in to  the re t r ieva l  canister,  i s  forced in to  an 
annular seaA located i n  the lower s k i r t  of the canis ter  cylindrical body. 
In t h i s  position, the f loor  forms a leak-proof s e a l  allowing removal of 
the  canister, with the primate inside, from the l i f e  c e l l  v i a  WA by the 
astronaut. 

place against t h e  seating ring in  the re t r ieva l  canister.  

The t e s t  s e t  up i s  depicted in Figure 18 and consisted of the follow- 
ing element s : 

o Test stand 
o Hydraulic actuator 
o Hydraulic pump 
o Force gage 
o Retrieval canister seating ring 
o Retrieval canister f loor  



TEST STAND 

/r 

18 ~ e t r i e v a ~  mister  nsor ~ e s t  
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Fm?sswe was applied t o  %he r e t r i e v d  canister f loor  t b o -  the 
actuator system t o  a imum of 200 gsunds, The r e t r i e v d  canister f loor  
did not deflect a suff ic ient  mount t o  allaw entley in-to the re t r ieva l  
canister seating ring and the t e s t  w a s  termhated a t  t h i s  point. 

The fa i lure  of the r e t r i eva l  c m i s t e r  f loor  t o  deform and a l l o w  
entry into the seating ring a t  a force of 200 pounds was proof tha t  t h i s  
design was not satisfactory. In the f i n a l  design, the  200 pound load must 
be taken out tkarowh the  cage faboor assembly. To exceed the 200 pound 
force places additional s t ruc t  requirements on the  f loor  which add 
weight and cmplexity. The t e s t  specimen f loor  was  made of 0.050" 304 
corrosion res i s tan t  s teel .  Based on load information from the t e s t ,  
calculations showed tha t  the  floor,  in order t o  def lect  a t  a load of 200 
pounds, would have t o  be made of material too th in  t o  be practical.  A s  
a resu l t  of t h i s  t e s t ,  the  design of the  r e t r i eva l  canis ter  f loor  was 
changed t o  one which would lock into the  r e t r i eva l  canis ter  by means of 
a l a t c h b g  mangement, thus reducing the  force required f o r  seating but 
s t i l l  providing a posit ive seal. 

.- A development t e s t  using a mockup of 
the  proposed l i n e r  retract ion system was established t o  evaluate the 
r e t r i eva l  concept f o r  the TFIM. The concep-k consisted of a l i n e r  inside 
the  circular  cage which would re t rac t  through an ex i t  in the cage w a l l  
u n t i l  it achieved the diameter of the r e t r i eva l  piston. The l ine r  was 
t o  be a 0,016 inch thick s tainless  s t e e l  sheet 

A l i n e r  of t h i s  description was used in  constructing the test ing 
mockup, In addition, the mockup included simulated l i p  devices, switches, 
and other cage protuberances. 

Testing objectives were primarily concerned with (1) the clearance 
of cage protuberances and the nature of the  l i n e r  behavior during the 
retract ion and deployment stages of the l i n e r  operation, and (2) observa- 
t i o n  of the effectiveness of the guide ro l l e r s  i n  preventing buckling of 
the  l i n e r  as  it was subjected t o  compression a f t e r  returning t o  i ts  or iginal  

The t e s t  c o n f i g m t i o n  can be seen i n  Figure 19. 

Ereliminary operation of the  l i n e r  retract ion and deployment show-ed 
t h a t  the weight of the l i n e r  caused it t o  sag and, as  a resu l t ,  drag on 
the  f loor  of the cage during the  retract ion and deployment operations. 
Because of the dragging, the  edge of the  whdaw cutout was catching on the  
simulated switches during the deployment cycle. Two modifications were 
added t o  the moclmp t o  prevent t h i s ,  A r o l l e r  was positioned a t  the e x i t  
of the cage so tha t  it supported the weight of the l i n e r  a t  t h i s  point, 
The r o l l e r  a l so  allowed the l i n e r  t o  rolb up evenly on the take-up spool, 
It w a s  observed before t h i s  modification tha t  the l ine r  weight caused the 
l i n e r  t o  r o l l  up in  an uneven marmes, 



Figum 19 Cage Liner Retmction Test (msic) 
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m e  secolld moaficat iea bvsbved the fnst  Lag 02 pb te ther  s y ~ t s n  
on the mock up. %he tether  wets designed t o  exes$ a consL68113t force on the 
top  and bo of th l f se r .  FFhe systeaa is  s h m  %n 23 a d  iUw- 
%rates the er in which the  weight s h m  i n  the ph 
t o  exer% the c o n s t ~ ~ 3 t  force. 

Sfhe tether  prevented the l h e r  frosa sw';tng because it h g r t  the 
bottom of the P b e r  in the seme sed-e l l ip t i ca l  shape ae the top. This 
effect aided i n  cas l t i leverw the ent im l ine r  f here it w a  at-tached 
t o  the cage w u .  As  a resut, the design sodi on solved the problem 
of the social  windaw own- catc on the mitehes g deplo~nnent. 

The interaction of the l i n e r  with its take  up spool and guide ro l l e r s  
w a s  observed during l ine r  r e t m t i o n  and deployment. The l i n e r  experienced 
a clgck-spring type action in the roULed-up mode and tended t o  m i n d  l ike  
a clock spring when deployment was Initiated. As  a result, two addit9onal 
modifications w e r e  made t o  help conLain the l iner .  The l i n e r  was creased 
s o  that it w a s  t q e n t  t o  the  spool's curpatme near the point where it was 
attached, and the  guide ro l le rs  were phced t o  s ound the %&@-up spool 
( 19). En t h i s  way, a l l  the e n e m  stored in the wound-up l ine r  was 
c ed into the  deploment of the liner. 

After the above modifications were made t o  the mockup, no observable 
faults were found in  the l ine r  b te rac t ion  with the takeup sgool or guide 

n t  se t  Fn the l ine r  was noted because it was wrapmd 
lg) ,  nor w w  there any bind* or  

smface i m  the l ine r  a s  it wrappd upon or 
No pmblesls were noted during the retrac- 

t i o n  phase, havever, duriog the deplomnt ,  a s l ight  intesference w 
observed as  one of the ro l le rs  f e u  into an opening i n  the l iner .  e 
rsws of ro l le rs  w e r e  found adequaLe in containing the l ine r  during the  
retraction/depboyrnent stages and when preloading was applied t o  the l i n e r  
at  f ubl d e p l o p n t  . 

Very good r e p a t a b i l i t y  was observed when the l ine r  was deployed. (see 
Figure 21). The l i n e r  repeatedu "seated" i n  the s m  e r  time a f t e r  

when the force was exerted on the windm bars. In addition, no gap appeared 
where the cut-outs around the switches o r  l i p  devices were located. 

The holes i n  the l ine r  were elongated t o  aUw sufficient cle  
f o r  switches agld l i p  devices during retraction arrd d e p l o p n t .  The elong- 
ated p o ~ i o n  of -the hole w a s  detemiajled frm a Uyout of the  l ine r  assuming 
it would bec- successiveagr smslUek in d i e t e r  as it wsls mtracted, This 
mtbod proved v f o r  b t e r  raeaswaents made on the mock up indicahd 
t h a t  adequate c ce existed beween the ewe protubemces and t h e i r  
clearance holes. 



F f 20 C%e L-P. Wetractim Test "Pether (~odifieatim) 





Torque requiremeots t o  re t rac t  md deploy the l ines  were found t o  be 
within calculated limits. A of 200 inch lbs. was required t o  re- 
t r a c t  the l iner .  Deployment hmum torque reach 75 in  lb.  Less 
torque was required t o  deploy the l ine r  due t o  the energy stored i n  the 
t igh t ly  ro l l ed  up l ine r  during retraction cycle. 

The mockup was also used t o  establish t e r s  fo r  the  instal la-  
t ion  of the  side TV camera. A 5" x 6'' rect  hole was cut i n  the l ine r  
t o  accommodate the field-of-view of the side-mounted TV camera. The cutout 
was located approximately 7" from the cage exi t ,  so tha t  when the l i n e r  was 
retracted, t h i s  hole immediately exited from the cage area. Measurements 
performed on the mockup indicated tha t  a maximum distance of 1-l/2" existed 
between the  cage wall and the cutout in  the l ine r  as it was retracted. This 
was not big enough t o  permit a primate t o  leave the cage area through the  
hole during the retraction o r  deployment cycles. 

A l l  of the modifications made on the mockup were adopted i n  the  design 
of the TFDM. The te ther  system used a constant torque motor i n  applyingthe 
force t o  the  l i n e r  and a separate motor was provided for  the top  and bottom 
tethers.  

No part of the social  window o r  bars were allowed t o  protrude into the 
cage area; for  any protrusion on the inside of the l i n e r  would catch on the 
cage e x i t  during the retraction cycle. 

The l iner  guide-rollers were located so tha t  they would not interact  
with any of the large cutouts in the l iner .  Three rows of ro l l e r s  were 
suff icient  and they were located on both sides of the l i n e r  and spaced 
approximately 1" apart,. This spaclng e l h i n a t e d  any local. buckling when 
the l i n e r  was preloaded a t  f u l l  deployment. The ro l l e r s  were made of 
Teflon t o  reduce f r i c t ion  and wear. 

Various adjustments were provided so that the l iner ' s  takeup spool 
could be aligned with respect t o  the center and exi t  of the cage. 

Food t ab le t  vibration.. Prior t o  the start of the  feeder design, the  

booster system w a s  conducted and &bration levels  selected for  the  t ab le t  
t e s t .  While an ultimate t e s t  was planned t o  vibrate the tab le ts  i n  the 
feeder i t s e l f ,  a preliminary step was t o  determine the t ab le t ' s  basic 
suscept ibi l i ty  t o  damage from vibration. For t h i s  preliminary t e s t ,  
vibration levels were chosen which were estimated t o  be above the  levels 
which would be seen in  a feeder of optimum design during an actual  launch. 
Survival of tab le ts  in  t h i s  preliminary t e s t ,  therefore, would almost 
assure t h e i r  survivaA in the actual feeder. 



The spclmens su'omjitted for  t e s t  wem *o t~rpes of monkey food h b l e t s  
as fol lws:  

Sgecfmen 1: C&ed tablets - W%na Monkey Chaw tablets  #5, 
plus 80 Sucrose - CslCO caating, 5@.2 tots 
w e m t  of bb l e t s .  3 

Specimen 2: Ilnc881ted tgCa?kts - Pmrim Wonkey Clrw tablets  #u, 
surface for t  if ied polished, 574.2 m. 

Before testing, the condition of typical .tablets w a s  mcorded as s h m  
in  Figures 22 and 23. Each spec-a of tablet was then loaded into a 
s me-pht metal conhf ier  and packing was used t o  f i l l  the void 
s the top of the can. As s h m  in Figure 24, the packing in  both 
cans consisted of one Layer of l/l6" Teflon sheet placed next t o  the tablet ,  
several Layers of 1/4" Foamcore material consistin.g of tw 
board with a r igid polystyrene inner Layer, and a 318" po 
insert. Preload and aUmable excursion was approx-teu 
respectively, and was obtained by inserting the 
spacers, thus adjusting the compression of the 
provided the preload. 

The two specimens were attached t o  the s table assembly by a 
simple fixture, as shown in F9 25. The specimens were then subjected 
t o  both a sine and a random vibration t e s t  for  a duratiori of 5 minutes 
each in the longitudinal axis as foUws: 

Sbusoirn 

20-60 -03 t o  .048 inches 
30-130 963 

130-19 .OD t o  .012 inches 
190-xxx> 22Cf 

Randm 

20-200 3 db/oct. r i se  t o  0.45 
200 - 500 0.45 24.2 - 71000 3 db/ocl. r o l l  off to  0.25 

loo0 - XKK) 0.25 

Figures 26 and 27 shaw graphically the desired t e s t  levels, while 
F i  28 asd 29 shm traces of the actual inputs as o b b h e d  from test 
i n  ntat  ion. 



FQwe 22 Coated Tablets 
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Figure 26 S i n u s o i b l  Vibration Test S p e c t m  
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FREQUENCY (Hz) 

Figure 27 Random Vibration Test Spectrura 







90th types sf t ab le t s  survived the vibration t e s t  without any appreciable 
damage. Typical examples of both types of tab le ts  a f t e r  vibration are  shown 
in Figure 30 with the coated pe l le t s  appearing i n  the top of the  picture, The 
s l igh t  damage present differed fo r  each type of pe l le t  and therefore, each 
type of t ab le t  w i l l  be discussed separately, 

Figwe 31 shms typica l  coated tab le ts  a f t e r  the vibration t e s t .  The 
dust and small chips shown i n  the  picture a re  the t o t a l  amount which was 
present i n  the container, Figure 32 shows an enlarged view of the  same 
pel le ts .  They are  arranged by degree of damage, with those a t  t he  top the 
l eas t  damaged and those at the bottom, the most damaged. The damage consis- 
ted  of a s l ight  discoloration and scuffing of the  surface coating and occas- 
ional s l ight  chipping. A t  l ea s t  95% of the t o t a l  number of t ab le t s  had very 
l igh t  or  no damage and were similar in condition t o  those i n  the  top two 
raws. The tab le ts  i n  the  bottom three rows are the worst t ab le t s  which 
could be found, The chipped t ab le t s  i n  the bottom rm were the  only ones 
dmaged in t h i s  manner. It was noted tha t  the more severely damaged pel le ts  
came from the bottom of the  can. 

The condition of the  uncoated tab le ts  a f t e r  vibration i s  shown in  
Figure 33. Almost no pmder o r  dust was observed in the container and the 
t ab le t s  were damaged only i n  tha t  the edges were s l ight ly  roughened around 
the mold mark. Tablets a t  the  bottom of the c o n t a b r  appeared s l ight ly  
more aamaged than the others. 

Other than s l ight  surface roughening or scuffing, the majority of both 
types of pe l le t s  withstood the  vibration environment without any damage. In 
addition, since the most severely damaged pe l le t s  were a t  the bottom of the 
can, t h i s  was most l i ke ly  caused by the s l Q h t  can-bottom resonance which 
w a s  observed during the  t e s t .  

Feeder mechanism development test .-  This t e s t  w a s  conducted t o  gain 
engineering insight into the problems of designing a bulk storage/discrete 
dispensing feeder mechanism. In t h i s  t e s t ,  a-proeotype food t a b l e t  dis- 
pensing mechanism (without the l i p  device mechanism) w a s  ins ta l led  i n  a 
transparent canister, permitting direct  observation of the t a b l e t  ac t iv i ty  

t ab le t  veloci ty  w a s  computed by observation of i t s  t ra jectory.  

A l l  the  mechanical par ts  assembled and operated as expected, except 
f o r  the t ab le t  ejection rod (see Figure 3 5 ) ,  which lacked smoothness running 
through the b a l l  bushings. This condition was corrected by re-making the 
part  f r o m  "Thomson 60 Case" shaf'ting, 

A tendency f o r  the t ab le t s  t o  locally "bridget' a cup of the  index 
wheel, around the inside diameter of the transparent canister, was eliminated 
by bonding a small rubber s t r ip ,  0.083" thick, t o  the canister i n t e r io r ,  
This ridge caused the t ab le t s  t o  rotate,  collapsing the bridge, 



Figure 30 Tablets Mter Vibration TesLs 
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F i w e  33 mLamed Viar of Uncoated mblets 
Af"P;er Vibmtion Tests 







The cups in the index wheel were found t o  be larger  than necessary. 
The index wheel was machined t o  a new outer profi le  which provided t h a t  the 
cups may contain only one tab le t .  Using the previously mentioned rubber 
s t r i p  t o  agi ta te  the tablets ,  the  cups were always r e f i l l ed  i n  the f i r s t  
three s tat ions a f t e r  the dispensing s tat ion,  There was no creation of "dust" 
due t o  agitation and movement of the food tablets .  

A "brow" piece (see Figure 36) was instal led aver the dispensing s tat ion 
(cantilevered from the canister wall) t o  assure tha t  only the one tab le t ,  in  
the  cup, would be acted upon by the ejection ram. This t ab le t  was simply 
pushed through the one opening, the l i p  device port. 

It was observed that  the  "brw" over the dispensing s ta t ion  served t o  
generate voids which would not always collapse naturally. The rubber s t r i p  
was placed an inch o r  so downstream from the dispensing s ta t ion  and s i tuated 
diagonally t o  the  movement of tab le ts .  

The "brm" a lso  prevented r e f i l l i n g  of the cup pr ior  t o  i t s  being ro- 
t a t ed  past the l i p  device. It had been found tha t  a t a b l e t  might so 
posit ion i t s e l f  tha t  rotating the index wheel required shearing a t a b l e t  
which was part ly  in  the cup and partly i n  the l i p  device port. The "brow" 
eliminated t h i s  problem. 

After the use of the "brow" piece w a s  insti tuted, it was found t h a t  the 
"brow" i t s e l f  would occasionally shear a tablet .  The supply of t ab le t s  had 
become contaminated with p a r t i a l  tablets ,  due largely t o  the t r i a l  of various 
t ab le t  agi ta t ion schemes. It w a s  found tha t  a half-tablet  i n  the  bottom of 
a cup would r a i se  the  adjacent t ab le t  t o  a position where it was  sheared by 
the  "brw" piece, creating two additional half-tablets.  The two half- 
t ab le t s  which remained in  the cup would then be pushed into the l i p  device. 
The remaining half-tablet  would proceed along i n  the t ab le t  stream u n t i l  it 
eventually entered a loading cup, usually fa l l ing  t o  the bottom. Concern 
was f e l t  t ha t  a progression of t ab le t  cleavages might eventually cause a l l  
the  cups of the index wheel t o  be "contaminated" with pa r t i a l  t ab le t s  and 
crumbs, which would be wholly undesirable. 

The index wheel was then driven through some 240 cycles, causing each of 
these cups t o  pass the"browW piece three times. It was found tha t  the  cups 
were self-cleaning, In succeeding passages of the "brow", the whole t ab le t  
w a s  e i the r  l i f t e d  over the brow, or  forced under it while the ram continued t o  
e j ec t  the residual from the previous breakages. The conclusion is  t h a t  
contamination by pa r t i a l  t ab le t s  could be tolerated and tha t  only ra re ly  
might the  primate be delivered a pa r t i a l  tablet .  It w a s  recomended, how- 
ever, t ha t  care be taken t o  inspect the tab le ts  t o  be placed i n  the feeder, 
and t o  avoid dumping the t ab le t s  from excessive heights. The feeder was 
a l so  provided with a window in the side wall  where the t ab le t  condition 
and the loading cups could be monitored. 





A s  a consequence of the possible t ab le t  shearing act ivi ty ,  a shear 
t e s t  apparatus was bu i l t  ( ~ i g u r e  37) so that  the strength of the t ab le t s  
could be measured, The t ab le t  is  snugly f i t t e d  (0,001" loose) h-ay 
in to  the block and the hole in the inner sheet s ounds the exposed half ,  
Shear was measured direct ly  at 25 t o  34 lbs,  with 2'i' lbs  being an average 
value. The drive system in the feeder provides a tangential  force well 
over 200 lbs  a t  t he  outer diameter of the  index wheel and therefore cannot 
be jammed by a tab le t  i n  shear, 

The t ab le t  ejection rod traverses 2.16" i n  the allowed time, posit ively 
displacing the t ab le t  through the  en t i r e  length of the l i p  device, The 
delivery time was 0.75 second when the cycle length was 5 seconds, The 
action w a s  smooth and the  tab le t  acceleration was essent ial ly  constant. 
Tablet behavior was quite repeatable, The face cam, lever, b a l l  bushings, 
needle bearhgs  and push rod behavior w a s  en t i re ly  satisfactory. 

The average t ab le t  velocity at  the  moment of discharge from the l i p  
device was 16.7 cm/sec (15.0 cm/sec specified maximum) The range of 
velocity in 37 events, varied from 1.4.61 cm/sec t o  17.93 cm/sec, Figure 
38 shows the t e s t  setup and Figure 39 s h w s  the impact dis t r ibut ion as 
recorded i n  the  tes t ing ,  It is  believed tha t  the non-spherical t a b l e t  
tumbles through the mouthpiece tube in a random manner which accounts f o r  
much of the  var iat ion recorded. 

The tendency f o r  t ab le t s  t o  bridge local ly  was previously discussed, 
In the  course of correcting t h i s  tendency, additional low-height agi ta t ion 
ridges, i n  the form of spiroid ridges on the conical element of the  index 
wheel, and a ser ies  of angular pads on the feeder w a l l  were added, These 
devices generated a "cup f i l l i n g  vector" which never fa i led  t o  provide 
cup-loading when the canister was upright o r  on its side. One se r i e s  of 
t e s t s  involved tipping the feeder over sideways 1000 from its normal 
upright position such t h a t  the storage volume was "downhill" LO degrees 
of arc. Then at various "clock" positions of the ejection tube, the 
mechanism was operated and found t o  be fully successful through numerous 
trials a t  each position. 

(see Figure 40)  which drives the  ejection ram lever was s l ight ly  loose on 
the  b a l l  end o f t h e  lever. With amplification, the ejection ram had about 
0.040" of end play. During operation, t h i s  variable w a s  of no consequence. 
The Geneva lock mechanism worked well  a t  a l l  times, though it w a s  of a l i gh t  
duty type. The f i n a l  design has a much stronger mechanism mounted on 3/8" 
diameter shafts vs. the 1/4" diameter shafts  in the t e s t  model. This permits 
a much higher torque through the drive t r a in .  





NOTES: 

CYCLE TIME: 5 SEC 
ELAPSED TIME TO POINT "A": 0.75 SEC 

Fi 38 Tablet Velocity Test Setup 
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Figure 39 Tablet Velocity Test Results 



The single-turn shutoff c m  (see Figwe 4-0) which operates two micro- 
switches (one redundant) was the object of some e x w r h n t a t i o n ,  The 
depression in to  which the leaf element r o  s "drop", closing the switch, 
required suff ic ient  depbh tha% the switch authoritatively pulses the ebec- 
t ronic  logic system. It w a s  a l so  desirable tha t  t he  dwell of the roUers  
i n  t h i s  depression be minimized t o  the point t h a t  the ro l l e r s  would climb 
out of the depressLon during the coastdown of the drive t ra in .  These require- 
ments are  due t o  e l ec t r i ca l  t ransients  ar is ing from the internal  mechanical 
rebound of the microswitch during i ts  actuation phases. 

The hermetically sealed microswitches used were Mhneapolis-Honeywell 
Part  No. lHMl ,  The switch has an external lever which is  operated by a 
leaf / rol ler .  Although these switches require care in mounting and adjust- 
ing ,  t h e i r  usage is  retained because of t h e i r  hermetically sealed charac- 
t e r i s t i c .  

The gearing, shafting and bearings were sstisfactory,pravided thaL ECU 
gearing, cams, and shaft  c o l l w s  were pinned or very securely clamped. 
When 2roper3.y assembled, the r i s k  of phase sh i f t ing  of the drive components 
i s  negligible. It was found that the index wheel had approximately 0.030" 
of "backlash" at ,the outside diameter. While the  amount could be tolerated, 
it was found t h a t  it could be compensated f o r  at assembly since the index 
wheel always rotated the  same direction, and i s  experiencing drag from the  
tab le ts .  The push rod can then be aligned wath the  center of the loading 
CUD as  it would be i n  actual. use. The amount of "bacldash" noted i s  ent i rely 
consistent with the use of commercial gears. 

The one-way ro l l e r  clutches (see Figure 40 and 41) were en t i re ly  
satisfactory. The driven shaft  deviated from tha t  recommended as  follows: 
The diameter was reduced empirically from 0.5000/0,4997" t o  0.4990/0,4985" 
t o  reduce drag i n  the slippage direction. Due t o  a vendor error  i n  supply- 
ing material (contrary t o  t h e i r  cer t i f icat ion) ,  the shaft  hmdness w a s  R 38 
( ~ o c l w e l l  C scale) instead of the  R 58 desired. During testing, no shaft  
degradation w a s  observed, which lea& t o  the conclusion that precipitation 
hardening s ta in less  
eas ie r  t o  produce 

Torque requirements were determined by exchanging a torque wrench drive 
assembly f o r  a motor drive, With 15  lbs  of t ab le t s  on the  index wheel, the 
peak torque (during indexing) was about 1.5 in-lb. This load is equivalent 
t o  the  proposed pressure plate spring force (see Figure 42). A "proof t e s t "  
w a s  made by s i tuat ing 185 l b  load onto a pressure plate, which was bearing 
uniformly on the 15 l b  of tab le ts .  The peak torque observed was 15 in-lb. 
During these t e s t s ,  a l l  t ab le t  agitation s t r i p s  sham were i n  use, The t e s t  
was not a completely fa i tWu1 construction of the  f l i g h t  s i tuat ion i n  t h a t  
re la t ive ly  few tab le ts  were available t o  cause "rubbing" against the canister 
w a l l .  The anticipated "worst load" during the  pre-launch mode of f l i g h t  
hardware i s  158 l b  of which 140 l b  i s  food tab le ts .  
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The gearmotors for  the f inal  design are rated a t  33 in-lb a t  the  
continuous speed of 26 rp.  Speed w i l l  reduce gradually t o  about 
X) rpm while approaching the s t a l l  torque rating of 154 in-lb, should 
the occasion ever ar i se*  The surplus IX: type gearnotors used in the 
developent tes t ing  were found t o  stall  a t  less  than 2 in l b  when adjusted 
t o  24 rp. It i s  noted here, because t h i s  small torque kras used extensively 
i n  the development testing. 

The prototype mechanism, shown i n  Figures 43 and 44, was an extremely 
valuable too l  i n  design verification. 

The sl ight ly higher table t  ejection velocity was evaluated subjectively 
by persons accepting the table ts  as the primates would. The velocity was 
considered acceptable and no corrective action w a s  taken with regard t o  
t h i s  matter, as  a rather sophisticated cam and lever analysis i s  involved. 

Operation of the mechanism on i ts  side pravided some confidence in the 
design val id i ty  fo r  zero-g operation, while operation fu l ly  inverted imposes 
a condition which is unrealistic. 

Behavioral task panel development test.- Several functional develop- 
ment mockups of the lever, micromitch, l w e r  return spring, and moisture 
seal  were fabricated and tested. The goal of these t e s t s  was t o  design a 
combFnaeion of the above elements which would meet the 3 oz actuation 
force required, s t i l l  have a positive lever return, and prwide an adequate 
seal, all within the lever actuation t ravel  of 1/4 inch. Testing of these 
mockups consisted of operation of the above components a.nd measuring the  
force required t o  operate the lever through i ts  f u l l  travel. The t e s t  hard- 
ware was then modified and checked again u n t i l  the device met the design 
requirements. The f i n a l  lever switch configuration was designed using 
the proven concepts evolving from the development model. 

.- Development test ing fo r  the TV 
subsystem was extensive and used t o  determine mounting locations, viewing 

icture quality and operational l imits  of theVpan and tiit mechanism. 
hese t e s t s  were conducted over a period of several. months so t h a t  as other 

systems were designed, they could be added t o  the development mockup t o  
check operational limits of the TV system i n  regard t o  pan and tilt and 
viewing angles. 

The first ser ies  of t e s t s  were designed t o  help determine the type of 
TV camera t o  be purchased, what lens system was best suited t o  the TFDM, 
and t o  define an envelope a t  the top of the cage assembly fo r  the TV system 
t o  occupy. 

A foam core mockup of the cage. envelope was fabricated with behavioral 
task panel levers, and the food and water l i p  device located on the cage 
in ter ior  i n  the proper position, A Z1T t e s t  pattern was placed on the 
cage f loor  f o r  use in dete ing the perf o ce of the !€T camera system 
in. t e r n  of ebarpi%y aund resolution. This t e s t  a lso revealed how much of 
the  cage in ter ior  would be visible,  how much scanning would be required t o  
provide adeqyate coverage, and the e f f e c b  sf lighting levels relat ive t o  
picture quality. 8 5 







The f i r s t  t e s t s  u t i l ized  an UlSC owned 945 line,  model 3000 camera 
and a standard Cohu monitor, Lighting was supplied usfig fluorescent 
Lamps mounted a t  the cage top, Light levels could be varied by c 
the number of lamps. Light levels were in  the range of approximately 25 
foot candles measured at the cage floor.  

A ser ies  of different  lenses were used ranging from wide angle t o  a 
150 mm long focus lens. R e s d t s  of t h i s  t e s t  revealed the following: 

o Relatively small changes in l ight  l eve l  have considerable e f fec t  
i n  picture quality when high resolution is  required. 

o Inter ior  color of cage w a l l  has an effect  on l igh t  l eve l  a t  the 
f loor  and picture contrast between viewing object and the  
in te r ior  surface of the cage. 

o 0.010" resolution i s  possible with the  150 mm long-focus lens 
and a 945 l ine  video system. 

o Placement of l ight ing must provide even cage l igh t  distribution. 
o The des i rab i l i ty  of a camera with a zoom lens equipped with 

remote focus and iris control, 

A second TV t e s t  w a s  conducted with the complete cage mockup assembly 
placed on i t s  side so t h a t  the camera could look from the  cage top  while 
mounted on a tripod. 

A Cohu camera with a Model 2307, 10 :l zoom lens was used. The zoom 
range was from 15 t o  150 mm with a focus range from 60" t o  inf in i ty ,  The 
lens speed was f12.8. This lens system had both focus and iris control. 
Light l eve l  a t  the cage f loor  was approximately 25 foot candles. A standard 
Cohu monitor was used f o r  picture viaring and TV t e s t  pattern w a s  placed 
on the  cage f loor  for  resolution determination. The camera system would 
resolve 0.010" on the cage f loor  with the zoom at 150 mm and at the 15 mm 
stop, The cage floor, behavioral task  levers, and about 113 of the social  
panel could be seen. The camera system was fixed at the  cage roof. 

The t e s t  proved satisfactory, meeting performance r e  
i d  reveal  one additional design requirement, Since the 
s 60" t o  inf in i ty  azld the distance from the camera mount 

the  cage roof t o  the cage f loor  i s  approxbmtely 50", it becomes c lear  that  
the  camera system must be modified t o  focus within t h i s  shorter distance. 
This was accomplished by the addition of a motor-driven lead screw which 
adjusts the  lens re la t ive  t o  the vidicon through a t o t a l  t r ave l  of y t .  

The th i rd  TV development t e s t  w a s  conducted t o  provide information i n  
two areas (1) the viewing angle of the cage side-mounted TV camera position, 
and (2) a check of the contrast between a l ive  primate i n  the cage and the 
cage wall. To accomplish t h i s  t e s t ,  the cage l i n e r  retract ion t e s t  mockup 
was used. The cage l ine r  was coated with I(;ymar Fluoropan (capri  blue) and 
ins ta l led  i n  the mocknxp. The side TV port was selected fo r  t h i s  viewing 
t e s t  t o  ver ify the lens f i e l d  of view. A Cohu camera f i t t e d  with the wide- 
angle Angenieux f/1.8, 5.9 mm lens. A standard Cohu monitor w a s  used. 



The prhmate w a s  phced ia the cage a d  tb contrast be*een the pr-te 
and tb elage l h e r  studied, Side '%V f i e ld  of view was s a t i s f a c t o ~ ,  shmw 
a l l  of the s o e i d  windaw, food a d  water l i p  device, bemio r& task m e & ,  
exerciser, a d  if  in the dwn ~ s i t i a n ;  abo& berU of the ewe floor. 1% 
was  f e l t  tbt the contrtlst kP;ween the -mate a d  tkne c q e  l h e r  could be 
Fmproved if the blue coating was a b u t  5@ lighter i n  color. The vendor 
was coilLacted md a ne-  s h a e  was dm-elopd ( ~ b s e  CK 225 l ight  b lm).  
The pr%ma=te was kept in  the c q e  system for  s e v e m  h y s  t o  see i f  he c s u d  
chip, mel,  or scratch the c a t i n g  . s t e s t  rwealed th& only if 
the pr-e codd  get his  teeth on each side of the l iner  codd he scmtch 
off the coat*. 

The cage Uner develoment mc%up was cycled t h e s  t o  
observe t fect  of roll- the 0.0~6" l h e r  on the 5" dia t&e- 
with the cmting on the interior surface of the l iner*  The 
coating did not crack or peel, and proved t o  be a tough durable finish. 

.- This deve lopn t  t e s t  w a s  
l d  sensor coils mowed 

t o  the cage eMterior in conjunction a e t  of a type t o  be fmplanted 
into the pr-ke. Tltfis test also f ze locclliorr of the cofls CD 
the cwe eAerior.  

 he .two pic- coils w e r e  se t  36.0 inches $% the swc%a@: 
of the coils wha  momted t o  the cage assembu. wious s t r e w h s  
were moved about i n  order t o  de tembe  the sensi of the circuit  for  
d igi ta l  output response, and the strenglh of the t required f o r  hplesn- 
Lation in  %he pr-e de tedned .  

This t e s t  Endicated that a distmce of 18.0 inches off the 36.0 center- 
line beween the two pickup coils was the f m h e s t  that  a gmyp of four 
114" x 1" U i c o  5 e t s  would work reliably. X t  noted thet %he malog 
output varied a volts. This requfred a c e t o  gerform efL 2.5 v 
+ 2 . 5 ~ .  A l l  four sensor inpu-ts were demonstrated t o  work satisfactory. - 

resistor  t o  the input side of the photo c e l l  circuit.  The digital  wt@ 
s i w l  was observed orn asl osciUoscope. It was noted Tthat the circuit  
re l iabw responded t o  inte ions in a small be= of l i @ t  as well as 
t o  slight variations in  d i t  l i t .  The photo-resist0 
the f i n d  codiguralion d t o  respond t o  the l ight  spec 
in@; from bclusion of the Mra red  f i l t e r .  Both d f g i t d  outputs were sat is-  
fac tor iw dmonstrated. 

- It was realized earlg. 
in t d be one of the more 
d i f f i c u  d e s m  amas. '$he lm l&e l  s i m a l  frm the h g a t  withia the 
prJlmate, the c h q w  position of -the p r a t e  in  the cage re%a%%ve t o  the 

md the fact  L k a t  the c%e itseLS is a e l r c a r  waveg~de '$elm 
cut-off fmquency, a l l  tend t o  complicate the pmblem. 



I n  order t o  establish the orientation and number of antenna coi l s  
required f o r  satisfactory reception, a ser ies  of t e s t s  were carried out 
using a Whittaker Type IEIC2 transmitter operating a t  94.8 MHz and placed 
inside a s t e e l  cylinder approximately 23" in diameter and 32" Ln length. 
One end of the cylinder was closed with a metal caver, and the  other end 
was l e f t  open, 

A single-turw wire loop 5" in diameter w a s  mounted inside the s t e e l  
cylinder new the middle of one side, tuned t o  94.8 MHz and matched t o  the 
input of a t e s t  receiver, J. W. Miller, Model 580. 

By rotat ing the loop while the transmitter was moved around and turned 
inside the  s t e e l  cylinder, it was found t h a t  the  best resu l t s  were obtained 
with the loop axis para l le l  t o  the axis of the cylinder, i e e e ,  with coupling 
t o  Hz f i e l d s  maximized, 

It was  next found tha t  a rod of VKF-type f e r r i t e  with a single turn  
c o i l  performed as well  as the  wire loop and tha t  equivalent performance 
was obtained with the f e r r i t e  rod inside the s t e e l  cylinder or lmmediately 
outside an ax ia l  s lo t  i n  the side of the cylinder. 

When two magnetic dipoles, i.e,, f e r r i t e  rods with single turn coils,  
were placed approxhately 12-1/2" apart  along one side of the s t e e l  cylinder, 
t h e i r  outputs can be combined in a 3 db/g00 directional coupler t o  provide 
a strong output when the transmitter is  a t  any point of a cross section 
between the  two magnetic dipoles or  approximately 8" beyond one of them, 
except t h a t  some combinations of transmitter location and orientation 
r e su l t  i n  zero received signal, However, these nul ls  a re  very sharp. 

It was noticed tha t  whenever the  transmitter was l e s s  than 8-12" from 
the  s t e e l  cylinder w a l l ,  the  transmitter frequency was changed enough t o  
cause los s  of received signal. Retuning of the receiver w a s  d i f f i c u l t  
because the  transmitter frequency w a s  sensit ive t o  small movements and 
the AFC of t h i s  receiver could not operate on pulsed signals. 

The system t e s t  program f o r  the TFIM w a s  designed t o  t e s t  c r i t i c a l  
subsystems re la t ive  t o  end item performance, This system t e s t ,  pr ior  t o  
acceptance t e s t ,  would allow time f o r  rework or adjustments t o  meet 
performance requirements. 

.- This t e s t  was planned t o  verify the 
compatibility between the primate and the interfacing equipment, such as  the 
cage l ine r ,  social  window bars, behavioral panel levers, and s ide  TV camera 
port. 



The WIN basic structure, cage backup structure, cage l i n e r  l e s s  roll-. 
up motor and clutch, behavioral task  panel, waste ement system dame, 
and the ground support dolly were assembled i n  a se e room within the  
muf'acturfrig area. A trnpr-as~i.  cage floor, cage roof, and waste coULeetiom 
system was fabricated and installed,  completing the  t e s t  assembly. A labora- 
tory type feeder and drinking water bot t le  w a s  added t o  the assembly. The 
t e s t  hardware configuration was the same as previously shown i n  Figure 1. 

The gcnrernment furnished primate, from the  Naval Aerospace Medical 
Ins t i tu t e  (NM) was visuaLly checked prior t o  being placed into -the cage. 
In t h i s  way any new cuts, scratches, o r  abrasions could be ident i f ied if 
caused by the  cage or equipment during the t e s t  period. 

Screens were placed over the social  window and the side TV port, and 
the animal placed i n  the  cage assembly, Since t h i s  t e s t  w a s  conducted in 
a working area the primate had dai ly  v isua l  contact with people. During 
the night the  grimate w a s  alone and the building l igh t s  turned off.  
A l l  personnel entering the t e s t  room were required t o  wear face masks t o  
reduce the animal's microbiological exposure. Animal well-being w a s  ob- 
served twice each day by a qualified animal handler. 

During the  week-ends, with the exception of v i s i t s  f o r  the animal 
handler, the primate w a s  alone. It w a s  during t h i s  time and a t  night tha t  
the animal took the time t o  pick and chew on the  hardware. It was noted 
tha t  the primate thoroughly investigated h i s  environment. While not trained 
t o  operate the behavioral program, he would periodically operate the  task  
levers,  Over the  t e s t  period of approximately 30 days, the primate did 
not deform o r  damage any of the cage l i n e r  o r  structure. The behavioral 
task  panel, with the exception of some d i r t  on the task  Levers, showed no 
signs of wear. The soc ia l  window bars proved t o  be s t i f f  enough t o  prevent 
animal escape (see Figure 45). The primate was not able t o  pul l  the  cage 
l i n e r  away from the  backup structure, indicating tha t  the pre-load i n  the 
l i n e r  i s  satisfactory, Harever, some tooth-marks were l e f t  i n  the l i n e r  
coating, 

o The prlmate did not injure  himself on any of the t e s t  hardware. 
o The preload between the cage l i n e r  and the backup structure was 

sat isfactory and w i l l  r e s i s t  primate attempts t o  pull the l i n e r  
inward. 

o The soc ia l  window bars w i l l  r e ta in  the primate and w i l l  not 
def lect  enough t o  permit h i s  ex i t  from the cage. 

o The primate seems t o  adjust  well  t o  the cage configuration. 
o Behavioral task panel levers c~tn_ withstand primate abuse, 

After completion of t h i s  f i r s t  phase of the  primate/equipment interface 
t e s t ,  the  WIN hardware was moved from the manufacturing f a c i l i t y  i n  Sunny- 
vale t o  the acceptance t e s t  f a c i l i t y  area a t  the  Biotechnoloegr La;boratories 
in  Pa10 Altoe 



Figure 45 Primate/~age Interface Tes t  
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The remaining subsystems, as  they were completed, were added t o  the  
TF131vI. The ground control console with the  interconnectiw w i r i n g  was 
placed in  the  adjacent room and the completed systems checked out, The 
waste management system w a s  instaLled 6.n the TFIM and standard laboratory 
feeding and watering equipment clamped t o  the socia2 window bars. The 
complete louvered f loor  assembly was instal led during t h i s  period. The 
Primate was inserted through the s ide TV camera port and the side W 
camera mount; EnstaLLed. 

The primate was removed af'ter approximately 48 hours t o  f a c i l i t a t e  the 
ins ta l la t ion  and checkout of other systems. No adverse r e su l t s  t o  primate 
or  equipment were noted. 

Prior t o  re-inserting the prfnate, the end item feeder and waterer 
were instal led and checked out, The feeder was loaded with 3480 grams of 
food t ab le t s  and the drinking water system charged. The goal f o r  t h i s  
phase of the  interface t e s t  was t o  observe how the  primate would adapt 
t o  the feeder m d  water l i p  devices and t o  t r a i n  the primate t o  receive 
food t ab le t s  and water aliquots from these l i p  devices. The prirnt.te was 
inserted throwjathe side TV viewing window. 

A remote control override switch w a s  patched into the feeder control 
system so t h a t  t ab le t s  could be dispensed by an operator upon h i s  command. 
The remote control device was used t o  arm the feeder only when the primate's 
taouth was on the l i p  device, l imiting food reward t o  o ra l  responses. After 
a few unsuccessful attempts using h i s  hands t o  actuate the l i p  switch, the 
primate s ta r ted  using the  o ra l  technique essent ial ly  100% of the time. The 
water system was  then energized and water dispensed severaL times from the  
control console. The primate put h i s  mouth on the l i p  device and the  system 
dispensed another aliquot. Some of the  water went into the  primate's mouth 
and some on h i s  face. After several dispensing cycles, the animal learned 
t o  operate the l i p  switch correctly. The water aliquots were se t  t o  dis-  
pense 4 cc during t h i s  t e s t .  It was noted tha t  the primate would not always 
drink a l l  the  water dispensed but would l e t  some s p i l l  from h i s  mouth. The 

The primate acceptance of both t h e  food tab le t  l i p  device and the  water 
l i p  device was satisfactory. The primate learned how t o  operate both de- 
vices without e r ro r  within one afternoon. The cue l ights  on both devices 
worked properly and the leve l  of the cue l igh t  was suff ic ient  t o  a t t r a c t  
the primate's attention, 

FoUwing the feederlwaterer interface t e s t ,  the r e t r i eva l  system 
including f loor  displacement, louver closure, cage l ine r  retraction, and 
r e t r i eva l  piston actuation was checked and readied f o r  tes t ing  with the  
primate. 



This t e s t  ser ies  was t o  demonstmte the existence of any p o k n t i a l  
hazards t o  the primate during the recovery sequence or  the a b i l i t y  of the 
primate t o  damage the hnrdware s y s t e ~ s  dw-tne recove-ry, res i f l tbg  in fa i lure  
t o  meet design requirements, 

kn observer was sta%ioned a;t the soelal  wir~duq during t h i s  series of 
t e s t s  t o  observe primate safety s tatus ,  On command, the floor was translated 
t o  the "up" position by the  pneumatic actuators, The response from the 
primate was almost as f a s t  as  the t ranslat ion of the floor. The primate, 
upon sensing the movement of the f loor  beneath him, jumped t o  the  top of the 
cage assembly, and bridged h i s  body across the  diameter of the cage. While 
the primate was i n  t h i s  position, the f loor  louvers closed on command. In 
a minute or so, the primate returned t o  the f loor ,  

Cage l i n e r  retract ion was commanded and the l i n e r  began i t s  roll-up 
sequence with a clean separation from the back-up structure.  V i s u a l  at tention 
w a s  given the l ine r  position during rollup re la t ive  t o  the l i p  devices and 
behavior& task panel levers,  The l ine r  t r ave l  past these protuberances 
was the same as observed during development tes t ing  of t h i s  system, The 
primate did not seem upset by the l ine r  retract ion and did not offer  res i s -  
tance t o  the  rollup process. The primate followed the l ine r  w a l l  as the  
diameter of cage decreased, and u n t i l  the l i n e r  seated on the 14.0 inch dia- 
meter ring a t  the r e t r i eva l  piston, A t  t h i s  point, the  primate w a s  within 
a 14" diadneter by 48" long cylinder direct ly  on top of the r e t r i eva l  piston 
and l ined up with the r e t r i eva l  canister. The pneumatic r e t r i eva l  piston 
was actuated from the control console, The piston slowly raised the pr i -  
mate in to  the  r e t r i eva l  canister. Lockup of the piston f loor  in to  the  
bottom of the r e t r i eva l  canister was not accomplished during t h i s  t e s t  due 
t o  misalignment problems. This f i n a l  operation was observed through a 
plexiglas cover on top of the  re t r ieva l  canister.  The process w a s  then 
reversed without incident and the l i n e r  seated correctly against the cage 
baclmp structure.  

Results of the r e t r i eva l  t e s t  were sat isfactory except f o r  lockup of 

he did not r e s i s t  any part of the operation, It was a l so  demonstrated 
t h a t  the r e t r i eva l  system would not physically injure the primate during 
the  retract ion or extension of the cage l iner ,  and the extension and re- 
t rac t ion  of the r e t r i eva l  piston ac tmtor ,  

The noxious stimulus system was also operated during t h i s  ser ies  of 
t e s t s .  This system can be operated automatically through the behavioral 
programmer or through rnanual command at the control console. The purpose 
of t h i s  system i s  t o  provide a noxious stimdbas t o  the primate from which 
he can escape by retreat ing t o  the re t r ieva l  canister.  Here h i s  presence 
is  sensed and the noxious stimulus terminated. 



The system was energized and the primate f irst  jmped off the f loo r  
but then w e e d  around the f loor  trying t o  avoid the gas je t s ,  He did. not 
go into the  r e t r i eva l  canister,  

The water system was shut d m  during t h i s  period as an e l ec t r i ca l  
maUt5.rlction was f o z d  Fr, the f eeder/vater system, When the primate operated 
the feeder, t h e  water systemwas also energized, To prevent de-training 
on the feeder, a standard Laboratory waterer was instal led on the soc ia l  
windcrw bars, while correct action was completed on the e l ec t r i ca l  unc - 
t ion,  

After several dqys, the noxious stimulus system was again t r ied .  This 
time using only the noxious stimulus jets in the floor.  Again, t he  primate 
did not go in to  the r e t r i eva l  canister,  He w a s  able t o  f ind a location 
within the cage area where the a i r  b l a s t  did not reach him. A more detailed 
study of t h i s  problem resulted in the  relocation of the four existing j e t s  
and the addition of seven others. The j e t  openings were increased from 
.030" t o  .040", 

The r e t r i e v a l  system was operated but with the r e t r i eva l  canister re- 
mwed and a net  placed aver the opening, The primate was successfully 
placed in to  the  net v i a  the r e t r i eva l  piston without incident, With the  
primate removed, the complete TFIM w a s  checked and no damage of the  f loor  
o r  in t e r io r  of the  cage assembly could be found. 

The primate/equipment interface t e s t  w a s  interrupted f o r  several days 
t o  a l l o w  f o r  the behavioral programmer demonstration, Upon completion of 
tha t  demonstration, the  primate was again placed i n  the cage assembly t o  
complete the  prirnate/equipment interface test. The main problem s t i l l  
remaining was the  f ac t  that the primate was not responding properly t o  the  
noxious stimulus. 

After t h e  primate had adjusted t o  being i n  the cage again, the  noxious 
stimulus system was energized from the control console and the ll j e t s  

was made, t h i s  time actuating the  f loor  t ranslat ion system f i r s t ,  then the  
noxious stlmulus je ts .  This caused the primate t o  go t o  the top of the cage 
and bridge across i ts  top  diameter with h is  body, but he did not go into 
the canister,  The system w a s  shut dam and when the animal came d m  from 
the  top of t h e  cage, he was rewarded, This w a s  followed by actuating the 
system i n  t h e  AVD automatic mode through the  behavioral programmer. The 
LOKC tone sounded, the  animal did not move, consequently, the a i r  j e t s  
were operated. The animal jumped t o  the top of the cage, the j e t s  were 
disabled, and the animal rewarded, This procedure was repeated several 
times and the  primate responded in a similar manner and was rewarded each 
time. During some of these t e s t s ,  the 2000 cfm purge fan was energized 
when the animal w a s  a t  the  top of the cage, the goal being t o  encourage 
the primate t o  seek sanct i n  the re t r ieva l  canister.  While the primate 
did not l i k e  the high velocity a i r ,  he found some re l i e f  by hangfng on the  
exerciser. The exerciser was then f u l l y  retracted and the operation re- 
peated. Primate response was t o  bridge the top  of the cage i n  an area where 
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he was l eas t  effected by the high velocity a i r ,  s t i l l  not entering the 
r e t r i eva l  canister where he could escape the a i r  b las t  in  t o t a l .  

The exerciser was in the  cage system during a l l  primate equipent  
interface test ing.  The primate a t  t h i s  time did not know how t o  operate 
the device but used it many times f o r  climbing purposes. It received 
considerable abuse, but was not damaged in any way, I t s  operation was 
sat isfactory pr ior  t o  primate exposure and was unchanged a t  the  end of the 
t e s t  series.  The l a s t  system under the primate/equipment interface t e s t  
t o  be checked was the primate vocalization monitor, This system consists 
of a microphone located i n  the cage ceil ing which receives the primate 
vocalizations. These sounds a re  broadcast t o  the control console mounted 
loudspeaker and a lso  operate a voice operate relay (VOR) which, i n  turn, 
s t a r t s  a tape recorder, A 3,5 second tinae delay relay shuts off the 
recorder, The goal of t h i s  system was t o  record a l l  an- vocalizations 
during a t e s t  period. 

The system was energized and primate sounds simulated. The system 
operated and the sounds were recorded. The ECS fans, both 200 cf'm and 
32 cfm were energized, The resulting noise operated the  voice operated 
relay and the sounds were taped. The electronic c i rcu i t  was then adjusted 
t o  operate a t  a noise leve l  above the  ambient fan noise. The system w a s  
again checked and now operated only when a noise greater than tha t  of the 
background w a s  emitted. For the primate t o  operate the system, however, he 
must emit a noise greater than tha t  of the background. The NAMI primate 
224 was not by nature very vocal. Only on rare  occasions did the primate 
actual ly  t r i p  the VOR and make a recording. 

Several other problems with t h i s  system became apparent during t h i s  
tes t ing  period, The audio clicks of the vigilance task caused the VOR t o  
operate, In addition, the 5 KHz tone, a part of the timing regimen, would 
energize the system as would random fan noise spikes. 

he emitted two sounds close together, the second would be recorded but 
not the  first. 

This was caused by the f ac t  t h a t  while the  tape recorder was on fulL 
time, the  tape transport motor was not running. \Ben the  sound signal was 
received a t  the  VOR, it would turn on the tape transport &or. However, 
it required 2.5 t o  3.0 seconds f o r  the  motor and the tape drive system t o  
get up t o  recording speed. Consequently, the f i r s t  sound emitted by the 
primate was aver before the recorder was in a condition t o  record it, 
The solution t o  the problem would be a major modification t o  the  tape 
recorder, The decision was made t o  Fmprave the system as  much as  possible 
by adjustment, and defer major modifications t o  a future time, 



To surmnarize the prlmate/equipment interface t e s t  series,  all.. major 
systems, i,e., feeder, waterer, waste management, exerciser, behavioral 
panels, ECS fan system, and re t r ieva l  system worked well  and the primate 
w a s  able t o  operate o r  be controlled by the  systems as  designed, No primate 
damage was detected on any of the equipment exposed t o  the primate. 

Two systems did not perform as  desired. The noxious stimulus system 
w a s  a p a r t i a l  success in tha t  the system was indeed noxious t o  the  primate, 
but it did not evoke the desired response. The noxious stimulus system 
problem was solved during the acceptance t e s t ,  

The sound detection system did work, but not within the desired sound 
envelope. Solution t o  t h i s  problem requires a major modification t o  the 
tape recorder, relocation of the microphone within the cage, and reduction 
i n  fan noise. 

Mass measurement system tes t . -  The mass measurement t e s t  was originally 
planned t o  be accomplished during the development t e s t  phase of the  program. 
Hcswever, due t o  lead time required f o r  the purchase of the load c e l l  system, 
and the f ac t  t ha t  the TFIN basic structure and f loor  assembly were required 
t o  perform the  t e s t  ser ies ,  it was re-scheduled t o  be accomplished during 
systems test ing.  

The mass measurement system for  the TFIN u t i l i zes  three conventional 
load ce l l s  which support the ent i re  cage f loor  system, including the  re- 
t r i e v a l  piston and actuator. The t a r e  weight i s  electronically zeroed. 
Digital  v i sua l  readout i s  provided with adjustment controls on the console 
as  was sham i n  Figure 16. An analog output i s  provided f o r  recording. 

The accuracy fo r  the mass measurement of a 13 t o  15 pound primate fo r  
t h i s  type of system was estimated at 1% of actual  primate mass. 

A se t  of calibrated weights from the LMSC Standards Laboratory was 
used f o r  a l l  tes t ing,  The system w a s  calibrated and weights to t a l l ing  
13 pounds were placed on the cage floor. Typical resu l t s  are shown i n  

Table 2 
Mass Measurement Test Results ( ~ n i t i a l )  

Floor Test Point Actual Weight Pounds MMS Readings i n  Pounds 

1 13 e 0  13-17, 13.17, 13.21 
2 13 .O 13.32, 13.07, 12.97 
3 13 00 u.82, 11.76, 11.64 
4 13 -0 12.43, 12.37, 12.47 
5 13 *O  12,40, 12,39, 12.43 



The f loor  translation system was cycled and readings taken again, 
Readings were also taken with the f loor  in an "Up" position with the l o w e r s  
open. A s  can be seen by the resul ts ,  as  the t e s t  weight was moved t o  various 
floor positions, the  readings were not repeatable, wfth spreads up t o  1,68 
pounds. This performance was not acceptable. 

A careful  study was made on both the electronic system and the ins ta l la -  
t ion  of the load ce l l s  in the TFIM, The load c e l l s  were removed from the  
TFD4, bench-checked, and found t o  be satisfactory, It appeared that the 
floor,  which i s  supposed t o  f l o a t  on the load ce l l s ,  was a t  times rubbing 
the TFIX4 structure. Mass measurement system performance was ultimately 
corrected during the acceptance t e s t .  

Feeder vibration test . -  After completion of the  t ab le t  vibration t e s t  
previously described, a detailed study by the LNSC Flight Dynamics group was 
made t o  determine the vibration levels tha t  the feeder would actually 
experience, mounted i n  the payload section of the  OPE spacecraft which, i n  
turn, i s  mounted i n  the LPI adapter section on a Saturn S-lB vehicle. As 
the d e t a i l  design of the feeder progressed, configuration information was 
transmitted t o  the dynamics group t o  be used i n  the analysis of the f l i g h t  
dynamic prof i le  . 

This study reviewed the principal random vibration environment present 
during the periods of f l i gh t  when the acoustic excitation i s  most severe, 
t ha t  is  during l i f t  off, periods of transonic mach numbers and high aero- 
dynamic pressure. The random vibration transmitted mechanically from the 
various engines t o  the OPE spacecraft w i l l  be much l e s s  severe than acous- 
tically-induced vibration and therefore did not influence the random 
vibration spectrum as  shown in  Figure 46. During f l ight ,  random vibration 
exis t s  f o r  periods of 7 seconds at l i f t -of f ,  and 40 seconds a t  periods of 
transonic mach numbers and high aerodynamic pressure, 

The feeder w i l l  not be exposed t o  any pure sinusoidal excitations 
during f l i g h t ,  only rapidly decaying cornplex t ransient  vibrations associated 

mended vibration t e s t  levels a t  the feeder mounts were as follows: 

Sinusoidal levels - Sweep from 5 t o  400 Hz and back in  approximately 
one (1) minute. Repeat in  each of three mutually perpendiculaz axes. 

5 - 7.5 Hz 1.0 inch double amplitude 
7.5 - 400 Hz 3-g overall  l eve l  





Random levels - One (1) minute i n  each of three mutually perpendicular 
axes. 

20 - 300 HZ 
2 4 db/ocpve rise to 0.045 g /HZ 

300 - 600 Hz 0.045 g /HZ 
500 - 2000 Hz Roll off at 10 db/octave 

The above vibration exposure levels  were submitted t o  NASA-LRC fo r  
approval pr ior  t o  tes t ing ,  The review resulted in the sine sweep from one 
minute t o  two (2) minutes. 

Prior t o  final assembly of the t e s t  feeder, three accelerometers were 
bonded t o  the feeder upper bearing plate as shown in Figure 47 and one 
accelerometer i n  the center of the  feeder base plate as  sham i n  Figure 
48. One additional accelerometer was bonded t o  the negator spring bracket 
at the top  of the feeder. With the accelerometers installed,  t he  f i n a l  
assembly was completed. 

The feeder was mounted in a ground handling f ix ture  f o r  system checkout, 
transport  t o  the vibration t e s t  f ac i l i t y ,  and f o r  feeder support during the 
accelerated l i f e  t e s t .  The feeder received a careful visual  inspection and 
the  e l ec t r i ca l  interface completed. The feeder w a s  actuated manually t o  
insure tha t  a l l  mechanical interfaces were operating proper*. 

Idith proper operation verified,  the  feeder w a s  f i l l e d  with 10 l b  of 
food t ab le t s  from Drum No. 1, Lot  No. P-6, Control No. 313810. The food 
tab le ts  were processed by Stan Labs, Inc., Portland, Oregon, The feeder 
was cycled manually and it dispensed one tab le t .  The e l ec t r i ca l  
system was then energized land tab le ts  dispensed by l i p  device manual 
override and also by actuating the feeder l i p  device. 

The feeder was then loaded with 85,000 foo6 t ab le t s  based on the  
average weight of 10 tab le ts  taken from four different  drums. O f  t h i s  
shipment of t e s t  tablets ,  the average weight w a s  0.63 grams. A t o t a l  of 
U8 pounds of t ab le t s  were loaded into the  feeder meeting the 85,000 

tab le ts )  . 
The feeder control system w a s  energized and 100 food t ab le t s  were dis-  

pensed using the  #l drive motor and by manual actuation of the l i p  device, 
without incident. Itlotor #2 w a s  then selected, and 10 tab le ts  dispensed 
using the  same technique. The lawer dust cover was then ins ta l led  and the 
above process repeated, dispensing three t ab le t s  using motor #l and two 
t ab le t s  using motor $42. 

The feeder, mounted i n  the ground handling f ixture,  w a s  weighed upon 
a r r i v a l  a t  t e s t  laboratory. It was then removed and placed in the vibration 
t e s t  fix-ture. The ground handling f ix ture  was  then re-weighed with the  
difference being the actual fu l ly  loaded feeder weight of 222 pounds. 







The vibration t e s t  f ixture  was fabricated of high damping esium 
in order t o  eliminate undesirable resonance characteristics.  %he vibra- 
t i o n  t e s t  f M m  was bsl-bed t o  a s l i p  tab le  which, i n  tw, WE~S mounted 
t o  a Ling 7,500 force pound vibration system. The Ling shaker operates 
in conjunction with a sine sweep osciUator  and a random noise generator. 
The shape of the random spectrum i s  controlled by an eqwlizer/analy-zer 
network . 

Three control accelerometers, one in each axis, X-X, YwY and Z-Z 
were mounted t o  the vibration t e s t  f ixture.  Figure 49 shms the accelero- 
meter ins ta l la t ion  with the specimen in the Y-Y axis. 

Both sine and random vibration exposure levels  were run with the 
feeder i n  t h i s  orientation. The vibration t e s t  f ix ture  and feeder 
assembly were then rotated through go0 and remounted t o  the s l i p  table.  
This placed the  specimen in the X-X axis f o r  both sine and random vibra- 
t i o n  runs. 

For the  Z-Z orientation, the  feeder assembly w a s  rotated 90' about i t s  
axis, within the  t e s t  f ix ture  as shown i n  Figure 50. Both sine and random 
vibration levels  were run i n  t h i s  configuration. 

Af'ter vibration testing, the feeder was carefully inspected f o r  any 
damage resul t ing from the  vibration t e s t .  The al-um plate aver the  
feeder inspection port was removed i n  order t o  view the food t ab le t  
visable through the plexiglas windar. Some t ab le t  dust and unidentified 
foreign material. was v i s ib l e  on the  in t e r io r  surface of the window. 
Tablets i n  the  f i e l d  of view shared no signs of damage, Some t ab le t s  
showed exter ior  dust. 

The feeder f i l l  access door i n  the  top  dust cover w a s  removed and a 
general inspection of the area revealed no damage. The second door in 
the  t ab le t  cone pressure plate  was removed t o  allow access t o  the t ab le t s  

t ab le t s  were remwed, Tablet 

The l a r e r  dust cover was  removed and the  drive motors, clutches, cam 
and other exposed mechanisms were chechd f o r  any damage. None was 
found, The lower dust cover was not replaced. This was t o  allow v i sua l  
access t o  the  mechanism during the  operational check. The feeder w a s  
readied f o r  operation per the  t e s t  procedures and the l i p  device actuated 
by hand. The feeder dispensed the first t ab le t  a f t e r  the vibration t e s t  
without incident. The t ab le t  condition w a s  studied and no abno 
were found. 







The feeder system was then cycled 50 t h e s  with p e r  fram motor $1 
without a miss. Tablet condition was excellent. The same process was 
repeated on motor ,j%. Again, the 50 dispensed tab le ts  were in excellent 
condition. The control was switched back t o  motor #1 and -1;G~o addition& 
tab le t s  were dispensed t o  insure tha t  the motor selection had no adverse 
effect on the feeder operation. 

The feeder system withstood both the sinusoidal and random vibration 
t e s t s  without any damage t o  the tablets ,  feeder s tmcture,  or mechanism. 
The control accelerometers ver if ied the required vibration input from 
t'ne 7,500 force pound vibration system. The t race of specimen reaction 
accelerometer $10 i s  shown i n  Figure 51. The position of the accelero- 
meter was i n  the center of the upper bearing plate and can be seen i n  
Figure 47. The high readings of the  t race  a re  30 g a t  approxlmateQr 
160 Hz and 18.6 g a t  280 Hz i n  the Y-Y axis. This t race i s  typica l  of 
the s inusoidalvibrat ion seen by a l l  accelerometers with the exception 
of ;;ll, which was located on the  upper left;-hand edge of the upper 
bearing p la te  and can be seen i n  Figure 47. Loads recorded on t h i s  
accelerometer are  45 g a t  165 HZ and 40 g a t  338 HZ. Calcdations 
indicated loads of t h i s  magnitude at t h i s  point on the bearing plate  
were due t o  the fac-t t ha t  the subject area i s  a cantilevered edge of the 
bearing plate . 

Feeder accelerated l i f e  testing.- The objective of the feeder 
accelerated l i f e  t e s t  was t o  demonstrate the functional a b i l i t y  of the  
feeder assembly t o  sa t i s fac tor i ly  dispense a ful l  year's supply of food 
t ab le t s  following the simulated launch vibration exposure. The feeder, 
upon return from the environmental t e s t  laboratory, was readied f o r  the 
accelerated l i f e  t e s t  by the addition of counters t o  record feeder cycles, 
Lip switch actuations, count 02 tab le t  ejection beyond the end of l i p  
device, and rotat ional  count of the l i p  device actuation motor which 
sknulated the primate's actuation of the l i p  device. 

A feeder f a i lu re  was defined as follows: 

ing - Inabi l i ty  of the  t ab le t  dispenser mechanism t o  complete 
a f u l l  cycle or  proceed t o  the next cycle. 

2. Skipping - Repeated inabi l i ty  of the feeder t o  deliver a food 
t ab le t  beyond the l i p  device even though the dispenser rm is 
proceeding through a f u l l  cycle. Repeated skipping i s  def ined 
as the missing of more than sixteen (16) t ab le t  del iver ies  Fn 
a four hour period. This quantity is  l e s s  than a 1% skip rate .  

Any fa i lu re  w a s  t o  be evaluated joint ly  by NASA and DISC and a f u t w e  
course of action determined. 





Testing covered a time span of 30 worldng days, with the feeder i n  
operation 8 hours per day. The system was shut down during the night hours, 
A detailed t e s t  log w a s  ma.intained during the ent i re  t e s t  period. The t e s t  
setup can be seen in Figures 52 and 53. 

Ini-t;iaJ-ly, t e s t  checlcout was i n t e m p t e d  several times because of 
r e l i a b i l i t y  problems with the simulated primate l i p  device actuator and 
the counter which recorded the tab le ts  dispensed &er leaving the end 
of the li2 device. 

After successful checkout of the  feeder electronic control system, 
counting systems and the feeder i t s e l f ,  the  o f f i c i a l  l i f e  t e s t  s tar ted at 
1330 on 3-24-69, After one hour of operation, the feeder timing was i n  
error.  That i s ,  the cycle would not be completed a t  the proper point on 
the cam mechanism, This was caused by excessive motor overrun, or  coast, 
a f t e r  the parer was cut t o  the motor, This had not occured in  ea r l i e r  
t e s t s ,  but as  the system wore in, f r i c t ion  was reduced and the overrun 
condition then developed. 

Corrective action consisted of providing a DC current t o  the f i e l d  
co i l s  of both drive motors t o  a c t  as a dynamic brake when the 400 Hz parer 
t o  the motor was cut. The cam timing was re-set and an operational check 
made, with sat isfactory performance resul ts .  

Also, during t h i s  f i r s t  hour of operation, the dispensed tab le t  counter 
proved unreliable. t h i l e  the system was dam for  the incorporation of the 
dynamic brake, a new photo sensor counter was fabricated and tested,  The 
device consisted of an aluminum tube about 24 inches long with a photo 
c e l l  m d  l igh t  beam directed across the  diameter of the tube. The tab le t ,  
a f t e r  being dispensed from the l i p  device, rolled down the tube cutting the 
l ight  beam and signalling the counter. 

All counters were rese t  t o  zero, and the l i f e  t e s t  restar ted a t  O9OO 
on 4-1-69. During the f i r s t  hour of operation a f t e r  the vibration t e s t ,  

The t e s t  continued u n t i l  1525 on 4-2-69, a t  which time it was noted 
tha t  the l i p  device actuator w a s  tr ipping the  l i p  device, t he  drive motor 
was responding, but the feeder mechanism would not cycle. The mechanism 
was inspected and a fa i lure  of the bevel gear on the  +l drive motor was 
found, Inspection of the fa i led  gear indicated tha t  t he  subject gear 
was not a case-hardened gear. The drawing of the motor drive assembly 
w a s  checked and it w a s  found the engineering called fo r  the correct gem. 
A fur ther  investigation revealed tha t  the  incorrect gear was ordered. 
This discrepancy was detected by the product assurance representative 
and brought t o  the  attention of engineering, An assessment was made by 
engineering tha t  the system would function successfuUy under the calcu- 
la ted loads using the sof't gears, a decision which by t e s t  w a s  proven 
wrong, 
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A s  a r e su l t  of t h i s  fai lure,  the  complete bevel gear/pinion gear system 
w a s  changed t o  case-hardened gears as  the  first release of the engineering 
had indicated. While the gears were being c ed, a torque measurement 
was t&en with the feeder fuEl of tabLets. Readings ranged from 30 inch 
pounds t o  35 inch pounds, These values were in  agreement with design and 
were not assumptions considered excessive, 

Prior t o  feeder checkout asad subsequent t o  the gear change, the  gears 
were lubricated with a mixture of Shell  SG-1012 per MIL-G-~JZ~~  and Molykote- 
Z per ~ 1 ~ - ~ - 7 8 6 6 .  A complete operational. check was made and feeder perf om- 
ance was satisfactory, The NASA Program Office w a s  not i f ied of the  fa i lure  
and corrective actions. Agreement was reached tha t  an additional 85,000 
table ts  would be dispensed from t h i s  point in  the t e s t .  The t e s t  w a s  re- 
star ted a t  0930 on 4-7-69. 

On 4-9-69, a half tab le t  was found in the dispensed tab le t  bin. A 
careful check every hour or so w a s  made t o  investigate the broken t ab le t  
problem, On 4-14-69, the  broken t ab le t  problem was diagnosed and the  
t e s t  stopped, 

The problem was related t o  the  entrance port of the l i p  device, The 
existing 0.030" radius on the  port entrance was too sharp. This can. be 
seen i n  Figure 54. A s  the  ram advances, it can catch a t ab le t  between 
the  f l a t  of the  ram and the entrance port of the l i p  device. 

The f i x  w a s  t o  enlarge the f i l l e t  radius on the i n l e t  t o  the l i p  
device, The l i p  device was removed from the feeder body and reworked as 
shown i n  Figure 55. The l i p  device w a s  reinstalled on the feeder body and 
the  complete system operationally checked. Operation returned t o  normal, 
the feeder s ta r ted  clearing i t s e l f  of t ab le t  crumbs, and no further damage 
t o  tab le ts  was detected, NASA w a s  consulted on the abave rework and LMSC 
received approval fo r  the rework and a lso  permission t o  resume l i f e  tes t ing  
without reset t ing the  counters t o  zero. 

Testing w a s  resumed and was uneventful f o r  about 16 hours, when the  $1 
drive motor s ta r ted  running free, with no torque being transmitted t o  t h  
drive gear. An inspection revealed tha t  the  pinion shaft  had been sheared. 
NASA was informed of the  fa i lure  and LMSC received approval t o  disassemble 
the  feeder t o  f ind the  source of the  problem. 

The fa i lu re  occurred while trying t o  index the receptacle plate, not 
during t ab le t  ejection, The $2 motor w a s  removed and an attempt made t o  
ro ta te  the  face cam by hand without success, indicating tha t  the jam was  
not caused by the  second drive motor system, 

The feeder was then disassembled part by part, each one checked as it 
was reamed, The bottom mechanism was removed and a l l  rubber s t r i p s  were 
i n t a c t ,  The system a t  t h i s  stage could be rotated by hand through p a d  
of a ram operation and f i n  through a f u l l  cycle, but only by exer%ing 
excessive torque, 







In order t o  f ind the source of the high torque, the upper bearing plate 
was removed. Some t ab le t  dust was found in the ram bearings, but t h i s  was 
not causing any major problem. With the complete drive t r a i n  apart, the  
t ab le t  receptacle plate was rotated and found t o  be the source of the high 
torque. The large bearing upon which the receptacle plate rotates  was 
d i f f i c u l t  t o  turn. The bearing was dry, but did not have t ab le t  dust i n  
it. Three se t  screws were used t o  hold the outer race of the bearing i n  
place. Idhere these screws were located, the bewing ba l l s  were found t o  
be t ight .  Backing the screws out did not relieve the problem. The bearing 
was removed and the epoxy used t o  s e t  the bearing was a l so  removed. W t h  
the bearing removed, from the feeder, it ran free. When the bearing w a s  re- 
instal led in  the feeder, it a lso  ran f ree ,  Apparently the se t  screws caused 
e l a s t i c  deformation of the outer race, the  epoxy adhesive flowed into the  gap, 
s e t  up and maintained the deformation. 

Bearing test ing indicated tha t  any galling which took place was not 
suff ic ient  t o  interfere  with the sat isfactory operation of the bearing 
and the decision was made t o  r e i n s t a u  the  or iginal  bearing Ln the feeder. 
The bearing was l igh t ly  coated with Molykote M-77. The se t  screws were 
not instal led.  The bearing was held i n  place by l igh t ly  staking the 
surrounding aluminum bearing lious i n g ,  

A new drive shaft  w a s  instal led and the feeder completely reassembled, 
The feeder was then f i l l e d  with tablets ,  and checked with successful t ab le t  
ejection. The feeder had delivered 25,624 tab le ts  prior t o  the shaft  f a i lu re  
and the t e s t  was restar ted a t  t h i s  number with NASA approval. 

The l i f e  t e s t  from t h i s  point on was uneventful. The feeder dispensed 
from 25,624 t ab le t s  t o  85,000 without incident. Feeder operation was 
continued t o  t ab le t  depletion and a total of 91,595 tab le ts  were dispensed. 
A t o t a l  of 65,971 tab le ts  were dispensed from the time of the bearing f i x  
t o  depletion, with no mechanical problems or h a w n  misses. 

Failure Cause 

1. Feeder out of time Motor overrun 

2. Drive gear/pinion Soft gears 
3. Tablet shearing a t  Radius too small 

l i p  device a t  l i p  device 
entry port 

4, Pinion shaft  sheared Incorrect bearing 
instal la t ion.  

Corrective Action 

M: current motor-field 
brake. 

Instal led hardened gears. 
Enlarged f i l l e t  radius 

at l i p  device entry 
port , 

Lubricated and re- 
instal led bearing by 
staking in  place. 



Some e lec t r i ca l  problems with the control c i rcu i t s  became apparent 
during the t e s t ,  but were solved and corrected, and did not have my aSfect 
on the mechanical r e l i a b i l i t y  of the feeder. 

All tes t ing,  rework, and changes effected on the feeder were done 
under Product Assurance surveillance, and all rework on the t e s t  feeder 
was also accomplished on the  second feeder, The second feeder was in- 
s ta l led  on the  TFDM and fully checked prior t o  acceptance t e s t o  No 
operational problems were encountered. After the accelerated l i f e  t e s t ,  
the number one feeder w a s  cleaned and operational. checked and found sa t i s -  
factory. It w a s  then packaged f o r  shipment as  a complete spare feeding 
system. 

Water system accelerated l i f e  test.- The purpose of t h i s  t e s t  was t o  
demo a b i l i t y  of the  watering system 
t o  sa t i s fac tor i ly  s tore  and dispense a f u l l  year's supply of water in 
pre-determined metered increments, (2) the  redundant capabi l i t ies  of the 
water system, and (3) the water delivery velocity. 

The water system was s e t  up as  sham i n  Figures 56, 57, and 58, 
complete with tankage t o  supply water under pressure, valve and metering 
(aliquot) accumuhtor assemblies, water f i l t e r ,  and a water l i p  device, 

Test operations consisted of e l ec t r i ca l  setup of the system in a 
ready s ta te ,  actuation of the water l i p  device by means of a motor-operated 
cam and discharge of the water in to  a graduate. The number of l i p  switch 
actuations was measured by a counter operated by the same cam used t o  
actuate the l i p  device. The supply of water t o  be dispensed consisted of 
approximately 46,4 gallons of f i l t e r e d  t a p  water. 

D u r i n g  setup and checkout of the system, the  f o l l a ~ i n g  discrepancies 
were discovered (despite reported successful supplier acceptance t e s t s )  
and the  noted corrective actions taken. 

1. Upon f i l l i n g  the  two water reservoirs and pressurizing them t o  

After discussions with the  supplier, the tanks were returned f o r  
re-machining of the flanges t o  achieve more squeeze on the "0"riq 
seal,  This required several weeks of e f for t  by the supplier, 
and NASA permission was obtained t o  proceed using a laboratory 
water storage vessel  i n  order t o  t e s t  the  remainder of the system. 

2,  Several valves and one aliquot accumulator were found t o  leak. 
These were returned t o  the supplier fo r  corrective action and 
available spare units instal led i n  the system, 









3 .  As water w a s  disprtsed f the l i p  device, of it r o a d  r%rm 
along the l w e r  e a e  of the device and back into Whe houeing 
containisg the electr ical  witches md  li&ts. This was come ted  
by inverting the device. 

4. A brazed joint in the l i p  device fai led due t o  lack of s t ra in  
re l ief .  This joint w a s  rebrazed and the tubing properly supported 
t o  eliminate a repeat of the problem. 

5 .  The l i p  device lever shaw was modified t o  provide a more positive 
actu&tion of the l i p  switches. 

6.  Due t o  air trapped in the microbial f i l t e r  (located beween the 
aliquot accumUaator and the l i p  device), water dripped from the 
end of the l i p  device a f t e r  the accumUtor dischasgee. This 
was due t o  the slaw bleeding of pressure in  the a i r  pocket aFter 
an aliquot actuation. Several corrective actions were a t t a w & ,  
but all were unsuccessful. After discussions with the NASA mag 
Wager, a decision w a s  t o  place the microbial f i l t e r  up- 
stream of the aliquot ac ors rather than dawnstreasl. This 
solved the problem, sinc transients on the f i l l  side of 

r had no effect on its dis  e er is t ic .  In 
s i t ive  (non-dripping) disc w eved. 

Following the above corxect ive actions, the system was detembed t o  
be ready fo r  t es t .  An i n i t i a l  check was made of delivery vdoci ty  by masus- 
ing the water discharge trajectory. W h u m  discharge velocity (throt"cling 
valve fully open) was found t o  be approxinrately 22 cna/sec. The system w a s  
throttled t o  the desired delivery velocity of 15 cm/sec. The system w a s  
then actuated 50 times and delivered a t o t a l  of 146 cc of water. me system 
had been se t  up t o  deliver 3 cc/actuation (-t- loqb) and therefore, was ope=- 
t ing within the specified tolerance. The tzst w a s  continued, with the 
foblawing daily results: 

C w n u l a t  ive 
Actuations 

177,723 
(46.9 gal.) 



During the above t e s t ,  two problems were noted and corrected, as 
I"0llows : 

1. One of the "aliquot f u l l "  microswitches f a i l ed  t o  close, which 
i n  turn would not allow the aliquot f i l l  valve t o  close, The 
c i rcu i t  logic required both the "aliquot f i l l "  microswitches t o  
operate even though one switch was redundant. Due t o  the precise 
mechanical alignment required t o  ensure tha t  both switches closed 
at the end of the f i l l  stroke, it was determined tha t  the control 
logic should be modified t o  require closure oI" only one switch. 
After t h i s  w a s  done, no fur ther  problems were experienced. 

2 One of the "aliquot empty" microswitches f a i l ed  i n  the  closed 
position. This resulted in a continuous signal t o  the  discharge 
valve t o  close. Consequently, the accumulator would f i l l  sa t i s -  
fac tor i ly  but about 0.5 sec a f t e r  the l i p  switch was actuated, 
the discharge valve would close. (under normal operation, t h i s  
valve would close when the  accumulator closed one of the  "aliquot 
en;ptyt' microswitches), Premature valve closure resulted i n  
delivery of a short aliquot. A decision w a s  made t o  lengthen 
the  time delay f o r  closure of the discharge valve t o  one second, 
thereby allowing the  accumulator t o  f u l l y  discharge regardless 
of the s tatus  of the  "aliquot empty" microswitches, No fur ther  
problems were encountered i n  t h i s  function. 

Following the accelerated l i f e  t e s t ,  the redundant aliquot accwnulator, 
i t s  associated valve and the water tank selector and cross-over valves 
were a l l  s u c c e s s f ~  operated and 1000 l i p  switch actuations performed 
in  the backup mode. 2,900 cc of water was dispensed - well. within the  
specified 3 cc/actuation + 10%. The t e s t  was completed with a f i n a l  check 
of discharge velocity. AE t h i s  point, it was determined that the  aliquot 
discharge w a s  most positive (no tendency t o  form a f i n a l  drop) with the 
th ro t t l i ng  valve wide open. This resulted i n  a discharge velocity of 
approximately 22 cm/sec. Agreement was reached with NASA t o  operate the  
system i n  t h i s  configuration during any f m h e r  t e s t i  

Tne t e s t  was concluded with a successful leak check of both reworked 
water reservoirs a t  50 psig, repair  of the aliquot accumdtor  fa i led  micro- 
switches, and modifications of the control logic system t o  include the  
changes described above. 

Illumination and TV demonstration.- The objective of the  illumination 
and TV demonstration was t o  evaluate the performance of the illumination 
and televis ion monitoring system. 



The cage iUmina t ion  system consists of four (4) Duro-Test Vita-Lite 
1514 fluorescent bulbs. Each bulb is  controlled by a separate switch on the 
face of control console, The system can be operated Fn the manual control 
mode, or the automatic control mode, through the behavioral programmer. 
The i l l m i n a t i o n  controls can be seen in  Figure 13, previously presented. 
Also included in the  illumination lamp assembly are  two night l i gh t s  which 
can be turned on when the TV l igh t s  a re  off.  This system can be manual or  
automatic, as desired, The lamp assembly i s  mounted i n  the cage roof f lush 
with the cei l ing l ine.  

To meet program goals, the illumination system must develop 25 + 10 f t e  
candles of l i gh t  aeasured a t  the cage floor.  The night illumination-level 
was t o  be between 0.05 and 0.2 f t .  candles measured a t  the  cage floor.  

A model 700 log l inear  photometer with an accuracy of + 2$ of maximum 
scale reading w a s  placed on the f loor  of TFDM cage. A l l  e d e m a 1  l igh t  
was blocked off f r a n  entering the cage area. A l l  l i gh t s  within the cage 
were off. Light meter readings taken under these conditions (no l ights )  
r-ed froin 0.026 t o  0 .O27 f t  candles. 

Tlie next ser ies  of t e s t s  involved turning on the Duro-Test Vita-Lite 
1 5 W  fluorescent bulbs i n  sequence 1 through 4, and taking l igh t  meter 
readings a t  t h e  cage f loor  as each lamp was turned on. Table 3 be1a.r shows 
the  results.  

Table 3 
I1 l q i n a t i o n  Test (sequential) 

Ft. Candles a t  Cage Floor 

four lamps were energized f o r  one (1) minute and the reading 
talien again i n  the reverse order. Results a re  shown i n  Table 4. 

Table 4 
Illumination Test (Reverse order) 

Ft. Candles at Cage Floor 

45 
35 
23 
U. 



A s  can be seen from these resul ts ,  the iUmina t ion  leve l  can be 
controlled within the design goal of 25 + LO f't candles of l i g h t  at the - 
cage f loor .  

Ifleasurements were made with the night l i gh t s  on and with the  l i g h t  
meter placed i n  the center of the c w e  floor.  The resul ts  are  shown in  
Table 5. 

Table 5 
IXlumin&Bon Test ( Night U.ht s 

Readings i n  Ft. Candles 
Voltage Level Night Lights 

Tne goal f o r  night illumination leve l  was i n  the range of 0 .O5 t o  
0.2 f t  candles. With the night l i gh t s  at  28 VDC, the system meets the 
performance goal. 

With the possibi l i ty  tha t  the exerciser cue l ights  may be on during 
the night cycle, a l igh t  leve l  measurement was taken with the night l i gh t s  
on a t  28 VIE, and the exerciser cue l ights  on a t  the 28 VDC parer level.  
The resul t ing l ight  measurement w a s  0.145 f t  candles a t  the cage floor.  

Following the illumination performance t e s t s ,  the side TV demonstration 
was accomplished per the approved t e s t  procedure. 

The s ide TV system i s  mounted t o  the  side of the TFDM cage i n  a special 
mounting f ix ture  which contains a ItIyZar f i lm transport system. The Mylar 
drive i s  operated from the control console. I f  the primate smears the 
Mylar film, the  fi lm can be transported prwiding a clean section of Mylar. 
A wire mesh screen protects the Mylar. 

A Coliu standard 525 l ine  monitor was used t o  observe the camera image. 

The objective of t h i s  demonstration was t o  obtain a wide angle view 
of the cage in ter ior  with prime in teres t  on the primate while at the  be- 
havioral panel, water l i p  device, food l i p  device and social  window. All 
controls were t o  be used t o  produce the best picture possible by varying 
cage l i g h t  l eve l  and camera lens f stops, as  well  as the W electronic 
controls. 



A standard TV t e s t  pattern was fixed t o  the cage in ter ior  just above 
the behavioral panel levers f o r  i n i t i a l  check, then removed prior t o  placing 
the  primate in the cage, A standard black and white photograph was taken 
of the presentation on the TV monitor of the best picture possible under 
each of the cage l ighting conditions. Table 6 l i s t s  the resul ts  and the  
best black and white photo of the t e s t  ser ies  i s  shown i n  Figwe 59, 

With the primate removed from the cage and the standard TV t e s t  
paLtern ins ta l led  above the behavioral panel, the foUowing t e s t  was conduc- 
ted. 

One Lamp was turned on and the lens stop se t  on f11.8. The wide angle 
lens would not resolve the TV t e s t  pattern with suff ic ient  detaix t o  deter- 
mine l ine  count or  shades of gray. The pattern would have t o  be approximate- 
ly 6 inches from lens f o r  f u l l  resolution, Figure 60 i s  a photo of the  
resu l t s  of t h i s  t e s t .  

A night l i g h t  t e s t  conducted with the night l i gh t s  a t  the 28 vdc level,  
and the  lens stop at f11.8 reveiiled tha t  only dark and l ight  areas within 
the  cage could be determined, A f a in t  outline of the  sociaL window was 
vis ible .  

The f i n a l  operational check on the  side TV system was the Myhr drive 
system, Black ident i f icat ion dots were placed on the  Mylar a t  one edge 
of the camera f i e l d  of view. With the #L lamp on and the  camera lens s e t  
at fl1.8, the  M y l a r  drive switch was energized on the control console and 
held in tha t  position u n t i l  the black dots passed from the  f i e l d  of view. 
The system performed as  designed, 

., 

The perfomnance of the TV systemwas good, except fo r  screen in ter -  
ference, The f i e l d  of view w a s  covered as  desired; the behavioral x&%ek 
water and food l i p  devices, socialwindotr, a portion of the exerciser, 
and about half of the cage f loor  was vis ible .  The screen which protects 
the  Mylar from the primate became very porninant under certain l ighting 
conditions and lens f stops. This is a resu l t  of the  very short focal 

the  screen ins ta l led  i s  with one illumination l igh t  on. The picture would 
be be t te r  i f  a l l  l i gh t s  could be on, the lens stopped down and the screen 
removed, but under these conditions, the mlar i s  subject t o  damage by the 
primate. The blue cage in ter ior  provides good contrast between the primate 
and the cage w a l l ,  

The night-light TV viewing proved that  with the night l igh ts  operating 
at 28 vdc, t he  camera lens wide open a t  f11.8, only dark and l igh t  surface 
meas can be seen, and it i s  possible t o  see the outline of the social  
window, 

The performance of the Ilylar fi lm transport; was satisfactory. 



Table 6 

Side TV Lens Adjustment Data 

Lens f Stop Remarks 

22 Picture poor. 
ll Picture poor. 

5 86 Picture poor, 
4 Picture f a i r .  
2.8 Picture good, 
1,8 Picture very good, 

Black and white photo taken. 

Picture poor. 
Focus on screen de ta i l .  
Screen d e t a i l  dropping out, 
Screen d e t a i l  a t  minimum, best 
picture. Black a d  white photo 
taken, 

Least screen de ta i l ,  but cage 
d e t a i l  drops out. 

Picture poor. 
Screen i n  focus. 
Focus on screen de ta i l .  Good 

in ter ior  de ta i l .  
Less screen de ta i l .  Good 

in ter ior  de ta i l ,  Black and 
white photo taken, 

Loss of cage de ta i l ,  

1, 2, 3, & 4 22 Picture poor, 
U Focus on screen de ta i l .  
5 06 Focus on screen de ta i l .  Good 

cage detai l .  
4 Loss of screen de ta i l .  Good 

cage detai l .  Black and white 
photo taken. 

2.8 Loss of screen and cage detai l .  







B l l a v i w  the abave t e s t ,  the top-muted 'PV s y s t a w a s  dmonstrraled. 
"Phe top W s y s t m  is m m t e d  on an inclined p-e, lo0 off of horizontal 
on the top s m a c e  of the cage. A Cohu %000 series,  945 line, c w r a  f i t t e d  
with a C o b  lo:%, z lens covering 15 mm t o  150 m focal le-h was b t e -  
graLed with a a d e l  IX)O1 P.F. Research pan and tilt unit. mis device allws 
350O of pan md + 3500 of tilt. U~leo iacorporated into the and tilt 
mit is e mhr Film ckive. 

Controls f o r  the system are a t  the control console on the video s y s t a  
panel as s h m  in ~ i g m  61. The lens is  semo-driven f o r  ~ocaas, iris,  and 
zoom. Vidicon a a u s t  control is pmvided i n  addltion t o  the lens focus 
control t o  provide extra a a u s b e n t  f o r  high-resolution view-. A joy 
s t ick  control is provided f o r  pasl a d  tilt directional drive. a1 drives 
are f i t t e d  with s l i p  clutches, l i m i t  switches, and mechasica stops t o  
prevent system e. 

The system w a s  designed t o  m e t  the o p r a t i o n a  goal of 0.010" reso- 
lut ion a t  the  cage floor, a d  cage w a l l s  t o  the height of the water l i p  
device. Test procedures called f o r  add system controls t o  be owraled 
through t h e i r  f u l l  e and under each possible ill.Lrmination condition. 

A s m d a r d  IPV t e s t  w t t e r n  was placed on the cage f loor  f o r  msolu- 
t ion  and tone meas t ion M p  was t m e d  on i n  
sequence and the TV system adjusted f o r  the best perfo 
the  high resolwkion euld wide angle lens positions. A black and white 
photo was -en of the p i c t w  as  received on the TV monitor. mble  7 
gives the results of t h i s  t e s t  series. 

The !FV picture with the night l ights  on a t  the 28 VDC pave level,  
lens system at f /2.8 snd system focused f o r  high resolution was very poor. 
No de ta i l  vim- was  possible. 

The TV systemwas positioned t o  see the feeder l i p  device and zoomed 
t o  high resolution. The results were very good as  can be seen in Figuse 
62. D i r t  on cage l i n e r  is apparent near the l i p  device. 

The and tilt system w a s  opemted through the  eoom (sear aad f 
focus, iris and vidicon adjust. AU. func s -quire&. The 
whr drive system was operated and perf 

ry,  top 'fP system perf ce was very good. resolution 
0.010" was met with one illumination 1;Eunp on. A s  the 

other lamps were energized, the  picture quality imprgved i n  both hso lu -  
Lion and shade8 of gra;~.  The best of Lhe t e s t  ser ies  is s h m  i n  Figuse 
63 aad 64. All calhlera c a t r o l  fmct ioas  worked well. The p a ~ l  atnd tilt 

ce was good, If, wder  2lrive condLltions, the top TV 
the  top a i r  duct, the drive s l i p  clutches automtic  

e t o  the system. By watchiw the "mJ monitor, when t 





No. Lamps 

'rA.BLE 7 
Top TV Demonstration 

Zoom Position Picture Quality 

1 High resolution Good 

1 Wide angle Good 

TV Test Pattern Results 

Better than 500 l ines .  
4 shades of gray. 
0.011) resolution. 

Good a b i l i t y  t o  scan cage 
f loor  area. 

Mylar protective screen 
v is ib le  a 

3 shades of gray. 

2 High resolution Very good 600 l ines  , 
0.010" resoltrtion. 
5 shades of gray. 

2 Wide angle Good Mylar protective screen 
vis ible .  

Good f loor  detai l .  
3 shades of gray. 

3 High resolution Very good 600 lines.  
0 .OlO" resolution. 
6 shades of gray. 

3 Wide angle Good Mylar protective screen 
visible.  

3 shades of gray. 
Good f loor  detail .  

4 High resolution Very good 500 lines. 
0.010" resolution. 
7 shades of gray. 

vis ible ,  
3 plus shades of gray, 
Very good f loor  de ta i l .  









d id  h i t  an obstruction, it w a s  easy t o  drive the system the other way and 
move away from the obstruction t o  another viaring angle. It was a l so  
determined by the t e s t  series,  t ha t  night l igh t  viewing is  not possible. 

he 
t ion 

sa t i s fac tbr i ly  while being subjected t o  interference from complex electro- 
magnetic f i e lds  . 

A functional configuration of the subsystem, including the ECG and 
temperature transmitters, antennas, receivers, demodulators, magnet, magnetic 
pick-up coils,  photo-ceU sensor, associated c i rcu i t  cards, cabling, and a 
full-scale metal mockup of the primate cage, was  set  up in a'shielded en- 
closure having an electromagnetic attenuation of 80 dB, i n  the IMSC Space 
Systems Division E31v ironmental Test Laboratory. 

The biomedical and ac t iv i ty  monitoring subsystems were energized and 
adjusted t o  obtain normal performance when displayed on an eight channel 
analog recorder. The following pmameters were recorded: simulated speech, 
photo sensor, field-strength act ivi ty ,  and magnetometer events; and f ie ld-  
strength act ivi ty ,  temperature, ECG and magnetcnneter analog traces.  

The system was then subjected t o  electromagnetic interference (w) 
t e s t s  CSOl, 02, 03 and 04, and RSO1, 02 and 03 i n  accordance with M I L  STD 
461~ ( 1  Aug. 1968) and M I L  STD 462 (31 July 1967) while in periodic opera- 
t i o n  in accordance with the  fol lar ing procedures: 

1. Photo-sensor Activity 

Move the  hand between the l igh t  source and photosensor. Note tha t  
a +5 v o l t  d i g i t a l  pulse i s  produced f o r  each interruption of the 
l igh t  beam. Perform t h i s  procedure f o r  outputs 1 and 2. 

the microphone. Note t h a t  a d i g i t a l  output is  produced, tha t  
the +5 vo l t  l eve l  i s  held while speaking, and that the leve l  
is  held f o r  3.5 seconds a f t e r  speech i s  stopped. Perform this 
procedure f o r  outputs 1 and 2. 

3. Magnetometer 

Analog: Move a small magnet in various patterns, within t h e  space 
of the cage. Observe tha t  an analog signal, maximum of + 2.5 
vol t s  var ies  about the  +2,5 vo l t  reference l ine.  ~ e r f o z  t h i s  
procedure f o r  outputs 1 and 2. 



Digital :  A s  the above procedure i s  being fo l lmed ,  observe t h a t  
d i g i t a l  +5 v o l t  pulses are  produced a s  t he  res& of very small 
lnovernents of the  magnet. Perform t h i s  procedure f o r  outputs 1 
and 2. 

4. Receiver Activity 

Analog: Move one or  both t ransmit ters  about within t he  cage. Note 
t h a t  the analog output var ies  between zero and +5 vol ts ,  depending 
on the proximity of the t ransmit ters  t o  t he  antenna assembly. Per- 
form t h i s  procedure f o r  outputs 1 and 2. 

Digital :  As the  above operation i s  performed, note t h a t  one m i l l i -  
second posi t ive  voltage pulses a r e  produced a s  the  analog output 
swings through the  approximate center of i t s  output range (+2.5 
vo l t s ) .  Perform t h i s  procedure f o r  outputs 1 and 2 ,  

5. Temperature Analog 

Place the  temperature t ransmit ter  i n  a temperature controlled water 
bath (glass  o r  p las t ic  container) within the  cage. Observe t h a t  
t he  output var ies  between zero and +5 vo l t s ,  depending on the  
temperature range covered. Perform t h i s  procedure f o r  outputs 
1 and 2. 

Place the  ECG t ransmit ter  inside the  cage. Note t h a t  t h e  output i s  
a steady s ignal  a t  the  mid-point of the  output range (about -12.5 
v o l t s ) .  Now apply a 1 mil l ivol t ,  1 Hz t r iangular  wave t o  the  
electrodes of the  transmitter .  Observe t h a t  the  t r i angula r  move 
i s  reproduced a t  the  output, showing approximately a zero t o  +5 
v o l t  range. Perform t h i s  procedure f o r  outputs 1 and 2. 

7. Cueing Amplifier 

The cueing amplifier  may be demonstrated by using an audio osc i l l a -  
t o r  a s  a s ignal  source, and observing t h a t  t he  s ignal  i s  amplified 
and reproduced a t  the  loudspeaker. If an oscilloscope i s  used, it 

8. Animal Vocalization Amplifier 

The vocalization amplifier  may be demonstrated by speaking in to  
t he  microphone and noting t h a t  the  sound i s  amplified and repro- 
duced a t  t he  loudspeaker. The gain control  may a l so  be demonstrated 
by se t t ing  it t o  various levels.  

The r e s u l t s  of these t e s t s  a re  summarized belaw: 

CSO1-Conducted Suscept ibi l i ty  30 Hz t o  50 K Hz 

Upon inject ion of power a t  levels  ranging from approximately 100 mv t o  
2.2 v on +12V, - 6 ~  and -12V DC power l ines ,  disruption of system was noted 
on a l l  channels. A s  a r e su l t ,  100 uf capacitors were ins ta l led  i n  each of 
t h e  DC power l i ne s  ( + 1 2 ~ ,  - 6 ~ ,  -12V, and + 5 ~ ) .  Testing was re-s tar ted and 
t h e  following r e su l t s  obtained: 
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Power FYequency or Injected 
Lead Power Level Disrupted 

-12V 3K HZ - 40 K Hz 1.0 v Magnetometer 

Field Strength 
Activity 

- 6 ~  25 K Hz - 40 K Hz 100 mv Temperature 

- 6 ~  30 HZ - .x) KHZ 100 mv ratuse amd 
ECG 

Magnetometer and 
temperature 

+ l 2 V  4 KHz - 50 KHz 300-500 ITIV ~'agnetometer , ECG, 
Temperature, and 
Field Strength 
Activity 

Temperature and 
Field Strength 
Activity 

200 mv-1.2 v ECG, Temperature, 
Field Strength 
Activity and Voice 
Events 

CS02-Conducted Susceptibil i ty 50 KHz t o  4-00 MHz 

Various power levels were again injected on each of the four DC powers. 
One of the operational amplifiers latched into an extreme position, but t h i s  
w a s  found t o  be only an adjustment problem. The following noise e f fec ts  were 
observed : 

Power Frequency or Injected 
Lead - Frequency Range Power Level 

Channe 1 
D i s m ~ t e d  

4-00 KHz - 50 MHz 100-200 MV Magnetometer 
50 KHz - 400 KHz 200mv  Magnetometer, ECG, 

Temperature, and 
Field Strength 
Activity 

250 KHz - 1'70 MHz 
60 KHz 

400 MHz 
200 MHz-300 MHz 
60 MHz-170 MHz 
7 MHz-& MHz 
1.20 KHZ-7 MHZ 
50 KHz - 120 KHz 

Magnetometer 
Magnetometer 

Magnetometer 
Magnetometer 
Magnetometer 
Magnetometer 
Magnetometer 
Magnetometer, ECG, 
Temperature, and 
I?. S. Activity 



i c  f i e l d  in  the  f r e  uency S range of 30 Hz t o  30 KHz, The f i e l d  intensity ranged from 27.5 X 10" Zeslas 
a t  30 Hz t o  5 X 10-8 Teslas i n  the range of 2,5 KHz t o  30 KHz, Some degra- 
dation was noted i n  the magnetometer output from 30 Hz t o  83 Hz, In addition, 
the sound operated relay functioned incorrectly from 30 Hz t o  40 Hz* 

Number 14 gauge wire was wrapped, a t  one turn per meter, each in turn 
around the  m a i n  pmer cable, the cable from power supply t o  input and output 
connectors, the cable from the  card t o  input and output connectors, and the 
cables from the power supply t o  the receivers. In addition, wire was looped 
each i n  turn  around the card rack ( in  two directions) and the primate con- 
ta iner .  Twenty amps of f i r s t  60 cycle and then a LO p s e c  . pulse was applied 
t o  each setup as  l i s t e d  above. No degradation of system performance was 
noted. 

In the  range from 14 KHz t o  35 MHz, the system was placed between two 
Para l le l  copper plates spaced 19 inches apart ,  The voltage between t h e  
Plates w a s  fixed a t  0.5 vol t s ,  Some s l ight  magnetometer reaction was noted 
from 80 KHz t o  100 KHz, In the  range from 35 MHz t o  10 GHz, power w a s  
applied t o  various antennas t o  maintain a f i e l d  of l v o l t  per meter aver 
the system. Reaction by the magnetometer was noted t o  be severe from 8 MHz 
t o  about 350 MHz. No other degradation was noted. 

0 Hz t o  106 Hz Intermodulation 
and Rejection 

Both CS03 and C S O ~  were conducted on each of the two receivers alone. 
Because of the  similarity between CS03 and ~ ~ 0 4 ,  the steps f o r  each were 
intermixed. Receiver 1 experienced no intermodulation response in the  range 
of 10 MHz t o  1.1 GHz. In  addition, Receiver 1 experienced no spurious re- 
sponses i n  the range 2 MHz t o  2.1 GHz. 

follows : 

Frequency of 
Spurious Response 

23.046 mz 
70.914 MHz 

173.76 MHz 

Spurious Response 
Rejection Ratio 

27.4 dB 
37.4 dB 
33.2 dB 

From these t e s t s ,  it w a s  apparent tha t  the magnetometer was most 
susceptible t o  electromagnetic interference. Attempts a t  reducing i t s  
suscept ibi l i ty  were unsuccessful and as  a consequence, t h i s  feature of 
the biotelemetry system was not used, There were two other ac t iv i ty  



measuring systems, i , e , ,  photocell and field-strength and a decision was 
made t o  re ly  upon them t o  determine primate act ivi ty .  

It was a lso  apparent tha t  over a wide frequency range, i f  injected 
m e r  levels remain below approximately 100 mv, functions other than the 
nrlagnetometer were not affected by these t e s t s ,  

Behavioral programmer demonstration.- The purpose of t h i s  t e s t  was 
t o  evaluate the capabili ty of the behavioral programer t o  function 
sa t i s f ac to r i ly  while connected t o  a l l  of i t s  interfacing TFLlM and control 
console equipment, 

The hardware under t e s t  consisted of the Government-fwished behavioral 
programmer (see Figure 65) , behavioral task panel, exercise device, feeder, 
purge fan, illumination system, noxious stimulus je ts ,  and elements of the 
water system which interface with the behavioral programmer. 

The t e s t  commenced with a demonstration tha t  the TIM, ILK, VIG and 
EXC tasks were presented properly on the  behavioral task panel i n  the  TFW, 
Following the proper responses t o  these tasks, it w a s  observed that food 
and/or water w a s  made available as indicated by the appropriate cue l ights .  
Upon actu3;tion of the food and water l i p  devices, an observation w a s  made 
of feeder and waterer operation and reset.  Upon receiving the AVD warning 
tone, both automatic and manual operation of the  noxious stimulus j e t  and 
purge fan system was observed, Programmer control aver the illumination 
system was a lso  demonstrated. 

During the course of the demonstration, the fol lar ing modifications 
were made t o  the programmer and t o  an associated LNSC logic card t o  achieve 
complete compatibility : 

1, Ins ta l la t ion  of a wire between programmer pins GG and HH on 
connector 32. 

2. Removal of a temporary jumper between pins 31 and 34 of LMSC 

4. Ins ta l la t ion  of a 3.2 u f  capacitor on programer board #1, module 
A13 between pins 17 (high) and 2 (gnd). 6 5. 180 rotat ion of the programmer "Lip Switch Block" inlout switches 
f o r  food and water. 

Following completion of the t e s t ,  the following anornolies were evident: 

1. Noise spike on ILK input l i ne  resu l t s  i n  a wrong co7mt f o r  success. 
2. B y  cycle time f a l l s  short. 
3. Programer avoidance task  appears t o  work correctly, but DISC logic 

card did not function sa t i s fac tor i ly  i n  the automatic mode. 
4. Upon activation of the feeder or water system when reward i s  avai l -  

able, the programer removes the  arming signal immediately instead 
of waiting fo r  the food t ab le t  or water dispensed signal,  



Figure 65 Behavioral Programmer 
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Anomolies 2 and 3 were corrected prior t o  the acceptance t e s t  by 
(1) replacement of a module in the timer count-down clock, and (2) repa i r  
of the logic card. Items 1 and 4 were corrected pr ior  t o  delivery of the  
hardware by the addition of res i s tors  and capacitors t o  suppress the noise 
spikes responsible fo r  the incorrect responses. 

Acceptance Test 

Acceptance tes t ing  f o r  the TFD4 was of two types (1) component func- 
t i ona l  ver if icat ion and (2) the technical f eas ib i l i t y  demonstration model 
acceptance t e s t .  

Component acceptance tests.-  The component acceptance~tests  provided a 
functional check on equipment received from suppliers, i n  order t o  ver i fy  
i t s  adequacy f o r  use i n  the TFDM. Much of the vendor hardware was acceptance 
tested during the system t e s t  phase of the program. Two formal component 
acceptance t e s t s  were conducted. The first of these was the operation of 
the Rotron MS 4501 fan t o  insure proper freedom of rotation, direction of 
rotation and e l e c t r i c a l  power requirements. Operation of the fan proved 
satisfactory. This fan i s  used in  the 200 cRn air circulation loop. 

The second formal t e s t  was conducted on the Joy 500702-6020 fan. Again 
the unit  was checked f o r  freedom of operation, direction of rotation, general 
performance characteristics,  and e l ec t r i ca l  interfaces. This fan is the  
2000 cf'm purge fan; it operated sat isfactor i ly .  

On purchased items such as  valves, solenoids and accwmulators, vendors 
were required t o  supply acceptance t e s t  reports of the hardware pr ior  t o  
shipment t o  LMSC. This t e s t  data i s  f i l e d  within the TFUM project logbook 
and w a s  delivered with the  hardware. The master copy has been retained by 
IMSC Product Assurance. 

Technical. f eas ib i l i t y  demonstration model acceptance tests . -  This t e s t  
was designed t o  demonstrate the sat isfactory perfomnance of the complete 

of the hardware under contract NAS 1-8200. 

The system acceptance t e s t  was divided in to  two phases. Phase 1 was 
the biomedical and ac t iv i ty  monitoring system demonstration, pr ior  t o  
s ta r t ing  the formal acceptance t e s t .  

The biomedical and ac t iv i ty  monitoring t e s t  was t o  be conducted by 
placing the temperature transmitter i n  a temperature-controlled water bath 
located within the cage. The waterba th  was then t o  be moved about within 
the cage t o  simulate various primate positions re la t ive  t o  the antenna. The 
ECG transmitter was a l so  t o  be placed in  the cage and a one-millivolt,one Hz 
t r iangular  wave form applied t o  the electrodes of the transmitter. A l l  output 
data  was recorded on a Sanborn recorder. The photo-sensor, magnetometer, and 
f i e l d  strength ac t iv i ty  monitor data were t o  be handled in  the same manner, 



The NAMI primate was t o  be used as the t e s t  subject f o r  the  14-day 
t e s t  period. The primate was not required t o  operate the  behavioral task 
panel or exercise device during the t e s t ,  but e f for t s  were t o  be made on 
a non-interference basis t o  t r a i n  him on these devices by NAMI personnel. 

The -test was t o  be conducted i n  a s p c i a l l y  air conditioned room which 
housed the TFIM with interconnecting electrical. cables t o  the control console 
i n  the adjacent room (see Figure 66). The TFIN i n  the acceptance t e s t  con- 
figuration is  shown i n  the frontispiece of t h i s  report. 

A t e s t  log book was t o  be maintained during the 14 day t e s t  period and 
according t o  the recording schedule s h m  in Table 8. 

A s e t  of t e s t  termination considerations were developed, and should any 
of the conditions indicated below ar ise ,  the UfiC program manager, t e s t  
director,  and the NASA program manager were t o  caucus and determine a course 
of action. (1n an emergency, such as f i r e ,  the t e s t  director  had the authori- 
t y  t o  terminate the t e s t , )  

I f  the primate's well-being i s  in jeopardy (including animal fa i lure  
t o  ea t  or drink f o r  a period of 24 hours). 
If the cage air bleed flow drops below 6 cfm. 
If cage temperature cannot be maintained within the 70-89' range. 
If the feeder fails t o  deliver a food t ab le t  following four 
successive actuations of the  feeder l i p  device, 
If the waterer f a i l s  t o  del iver  water following four successive 
actuations of the l i p  device. 3 If cage ammonia concentration exceeds 25 mg/m . 3 If cage a i r  t o t a l  organism count exceeds 200 org/f t  . 
I f  water supply t o t a l  organism count (upstream of delivery f i l t e r  
exceeds 100 org/ml). 

If the  t e s t  is  terminated fo r  any of the above reasons, corrective 
action w a s  t o  be taken and the t e s t  continued t o  achieve a t o t a l  of 14 days 

Final  OPE system checkout w a s  conducted during the  l a s t  week i n  May, 
1969. !The feeder was f i l l e d  with approximately 100,000 food tab le ts .  The 
water system was f i l l e d  with approximately 100 pounds of f i l t e red ,  heat - 
s t e r i l i zed  t a p  water, and t e s t  samples sent t o  the bacteriological laboratory. 

The noise a t  the  cage floor, produced by the 200 cfm fan, was 90 dB and 
was not acceptable. A si lencer was fabricated and instal led on one of the 
two fans i n  the  system. This resulted i n  a reduction i n  sound l eve l  t o  82 dB 
which was approved f o r  the purpose of acceptance test ing.  





Table 8 
Acceptance Test Data Requirements 

Item - Record Frequency of Recording 

Primate Status Log Book Daily 

Cage Temperature Log Book Hourly 

Bleed Flaw Log Book Hourly 

Room Temperature Analog Chart Cont inuous 

Room Humidity Analog Chart Continuous 

Food l i p  switch 
actuations Event Recorder 

Food tab le ts  
delivered 

Event Recorder 
Log Book 

Water l i p  w i t c h  
actuations Event Recorder 

Water aliquots 
delivered 

Event Recorder 
Log Book 

\?ater biological 
purity Culture Plate 

A i r  biological 
purity Culture Plate 

A s  event occurs 

A s  event occurs 
Once per s h i f t  

A s  event occurs 

A s  event occurs 
Once per s h i f t  

0,2,5,10,14 days 

0,2,5,10,14 days 

MH in air 
3 

Chemical analysis 0,2,5,10,14 days 

Primate Mass Log Book Daily 

Primate Vocalization Magnetic Tape A s  event occurs 

Primate Activity Event Recorder 
(photocell) Log Book 

A s  event occurs 
Once per s h i f t  

Primate i n  r e t r i eva l  
canis ter  Event Recorder Continuous 

TV Log Book Hourly 

Cage Liner Retraction Log Book Once 



On 2 June 1969, laboratory resu l t s  showed the f i r s t  drinking water 
systern f i l l  was contaminated with 56 organisms/ml of water. The water 
system was drained and three gallons of a water sodium hypochlorite solu- 
t i o n  injected in to  the system, This solution under 10 psig pressure was 
allowed t o  stand in the system fo r  one hour. The solution was then with- 
drawn and the procedure repeated three times. The complete system was then 
rinsed with s t e r i l e  water three times, using two gallons of water fo r  each 
rinse.  The water system was re - f i l led  with f i l t e r e d  and s t e r i l e  wzter, and 
samples sent t o  the laboratory f o r  analysis; these microbiological t e s t s  
were negative . 

Prior t o  the  s t a r t  of the acceptance t e s t ,  the d e t a i l  countdown proced- 
ures were used t o  check the operation of each subsystem t o  insure readiness 
and sat isfactory performance. As a r e su l t  of t h i s  complete system checkout, 
t he  following eight discrepancies were noted: 

The air flow out of the cage representing ECS flow is  law (8.5 cfm) 
when compared with the l l . 5  cfm flow into the cage. 
The ~+OO cycle power source f o r  the 2,000 cfm fan i s  not operative. 
Mass measurement readings are  e r ra t ic .  
The 400 cycle pmer f a i lu re  alarm monitor i s  not operative, 
The " p r i m t e  in  canister" indicator system i s  e r ra t i c  i n  operation. 
The TV power on-off switch i s  not wired t o  the panel. 
The photocell l igh t  source transmits too much v is ib le  l i gh t  and 
the  sensor is  too sensitive. 
The 2000 cfm run time switch i s  not wired. 

A joint NASA/U~SC decision was made tha t  the acceptance t e s t  r~ould be 
run f o r  a ten day period i n  the i n i t i a l  configurati.on, a t  which t i n e  the 
t e s t  would be terminated and the load ce l l s  from the mass measurement system 
would be removed and returned t o  the vendor fo r  service, The discrepancies 
noted i n  the photocell ac t iv i ty  monitor and "primate in canister" systems 
were also t o  be corrected. Upon completion of the required changes, the 
acceptance t e s t  was t o  be restarted and continued f o r  an additional 48 
hours during which time the changes were t o  be observed t o  operate in a 

It was not a requirement t o  do e i ther  bacteriological or  chemical analyses 
of the cage a i r  during the 48 hour re - tes t  period. 

On the morning of 12 June 1969, the O P E / W ~ I  acceptance t e s t  countdown 
star ted.  The d e t a i l  countdown checked out every operational function of 
both the TFIN and control console systems. A s  each s tep was taken, system 
performance was noted in  the remarks column of the co7mtdown procedure, A 
par t  of t h i s  procedural countdo~m included the demonstration of the bio- 
medical monitoring system prior  t o  placemerk of the primate in to  the cage. 
This t e s t  f i r s t  demonstrated tha t  signals from photocell act ivi ty ,  voice 
events, temperatun? ECG, f i e l d  strength ac t iv i ty  and magnetometer ac l iv i*~  



occurred on both se t s  of isolated outputs. The same biomedical system opera- 
t i ng  procedure was used as  had been used during the EM1 t e s t s .  The tempera- 
tu re  transmitter was Fmmersed in a temperature-controlled water bath and a 
triangular-wave generator was used as the  input t o  the ECG transmitter.  

Following the demonstration of successful operation with other TFIM 
systems inoperative, a l l  major items of TFDM equipment were operated with 
the  noted resulting effects  on the biotelemetry system: 

Equipment Operated 

12 cfm fan 
X)O cf'm fan 
Temperature controller 
Illumination system 

TV power supply & controller 

TV monitor 
TV i r i s  control 
Vidicon i n  and out 
TV zoom and focus 
Pan and tilt 

Mylar drive 

Mass measurement system 
TIM, ILK, VL.G levers and 

exercizer 

10 KC warning tone 
Noxious stimulus jets 

Exerciser retrack 

Cage l i n e r  roll-up 

Effect on Biotelemetrv System 

None 
None 
None 

Transient disruption of a l l  bio- 
telemetry channels during switch- 
on of lamps 
Transient mzgnetometer disruption 
during start-up. 

None 
None 

ECG noise 
None 

ECG, temperature, and field-strength 
noise. 
Noise on magnetometer, ECG, tempera- 
ture,  field-strength ac t iv i ty ,  and 
voice-operated relay channels. 

None 
Noise on magnetometer, ECG and voice- 
operated relay channels. Magnetometer 
was affected by metal rod being used 
t o  operate levers. Voice operated 
relay was affected by operating 
noises. 

actuation. 
Voice-operated relay actuation. 
Magnetometer and voice-operated 
relay actuations. 
Noise on magnetometer, ECG, tempera- 
ture,  voice-operated relay and f i e l d  
strength act ivi ty .  
Noise on a l l  channels. 



After the above test ing was completed, the water bath temperature was 
increased from 35% t o  390C t o  demonstrate the response of the temperature 
transmitter. A s  a resu l t  of t h i s  kOc temperature increase, the voltage 
output decreased by 2,Iv on the temperature channel. 

tlhile the countdam was in  progress, the NAMI primate was given a care- 
f u l  examination by a NMlI veterinarian and was found t o  be in  excellent 
health am!, ready for  testing. The complete coun tdm was completed and the 
primate placed in the cage assembly on 13 June 1.969 f o r  the s t a r t  of the 
10-day t e s t .  

Test personnel were on ciuty 24 hours a day, seven days a week. IBch 
t e s t  event w a s  recorded in the t e s t  log and unplanned events were recorded 
on a separate form. The primate, while familiar with the cbge, feeding and 
watering devices, was unfamiliar with the behavioral t a sk  program and exer- 
ciser,  yet within the f i r s t  few days of tes t ing was worlring the behavioral 
task program f o r  food and water reward. Through careful conditioning by 
the NR4I technician, within a few days the primate was also completing 
several up and down cycles on the exercise device. 

At the completion of the 10-day t e s t  period, the re t r ieva l  system was 
o,perated automatically, placing the primate in  the r e t r i eva l  canister.  
Since, a t  t he  time of t h i s  re tr ieval ,  the louvered piston (see Figure 63) 
was mounted t o  the r e t r i eva l  piston actuator, lockup of the piston in to  the  
r e t r i eva l  canis ter  was not attempted. The re t r ieva l  sequence was completed 
without incident. The lO-day t e s t  was completed on 23 June 1969. 

During the lO-day t e s t  period, the following nine "unplanned events" 
were experienced: 

o The "water aliquot f u l l "  indication did not appear on the control 
console reliably.  This problem was cleared up by s1ightl;)r increas- 
ing the  pressure on tie water delivery system t o  ensure tha t  the 
water aliquot microswitches were fu l ly  depressed. No fur ther  prob- 
lems were encountered in t h i s  area. 

t u re  effect  on the 2resence sensor, md led  t o  a modification plan 
f o r  the  end of the ten-day t e s t .  

o The programmer prematurely switched from the "day" t o  the "night" 
cycle. Override capabili ty on the Lockheed console was exercised 
t o  re ins ta te  the "day" cycle manually. This problem was repeated 
a t  various times during the t e s t  and was corrected manually. 

o The TIM handle on the behavioral task panel continued t o  give an 
"activated" signal a f t e r  being released by the primate. The TD1 
lever-switch mechanism was inspected from the back of the t a sk  
panel. It w a s  found tha t  the microswitch actuators were not 
properly engaged in the lever and were providing a continuous 
switch closure. The engagement was restored t o  i ts  proper config- 
uration and the problem did not repeat. Even though the problem 



could not be repeated by violent motion of the handles, the  engage- 
ment s f  the switch actuators was made more positive &er the 10-day 
t e s t  as  an additional r e l i a b i l i t y  measure o 

o About a week a f t e r  i n i t i a l  s te r i l iza t ion  with a sodium hypochlorite 
solxtion and charging of the  water tanks, the  water supply was found 
t o  be contaminated with 300 organisms/ml. A separate s t e r i l e  water 
supply was se t  up t o  allow the t e s t  t o  continue, and the primary 
system was re-s ter i l ized wing a 9oqd CO - lo$ ethylene oxide mix- 
ture.  The tanks were then recharged w i &  suff ic ient  water f o r  the 
remainder of the t e s t  and daiPy water samples were taken. No 
fur ther  problem was encountered with the water supply. 

o The primate appeared t o  be shocked when he had h i s  hand on the V I G  
lever and h i s  mouth on the water l i p  device. A voltage measure- 
ment showed some parts of the behavioral tank panel t o  be approxi- 
mately 0.8 vdc above ground. Temporary grounding jumpers were 
instal led and the uni t  was permanently grounded a f t e r  the ten-day 
t e s t .  This problem did not repeat 

o Periodically, the  feeder w a s  not armed upon game success even 
though the feeder cue l igh t  did come on. 

o The programmer gave a reward when on the EXC component, with the  
MC handle i n  the  "down" position when the a n h a 1  actuated any of 
the  behavioral panel levers. 

o The audio alarm system sounded due t o  a high cage temperature 
event (78.5% vs  . a maximum se t  point of 78%) . The heater system 
was shut off. The event w a s  caused by heat from motion picture 
flood l igh t s  near the  TFDM. The situation was continuously moni- 
tored t o  ensure not exceeding @OF i n  the cage. The problem did 
not repeat a f t e r  the flood l igh t s  were removed. 

A t  t h i s  point, in accordance with the NASA/LMSC revised t e s t  plan, the 
primate w a s  removed and the waste management system separated from the 
TFLM t o  gain access t o  the mass measurement load ce l l s ,  The load c e l l s  
were removed and sent t o  the  vendor with the  readout system f o r  complete 
check and calibration under LMSC surveillance. The load c e l l s  were found 

be i n  good working order and were r e t m e d  t o  LMSC , A pa ra l l e l  investi- 
gation at LMSC revealed a mechanical interference between the  floor,  i t s  
support structure and interconnecting tubing. The complete f loo r  subsystem 
was removed. The outer ring t o  which the f loor  attaches was rubbing a t  
several points on the basic TFCM structure,  This ring was cut at four 
points, material removed and the  ring rewelded and ground smooth. This 
reduced diameter of the ring, allowing increased clearance between the 
ring and the structure. A l l  interconnecting tubing was remounted t o  
provide more flexure, reducing any hysteresis which could be introduced 
at  t h i s  interface. 



The system was reassembled and a t e s t  run Conducted using cal lbratea 
weights, with the following improved resul ts  : 

Floor T e s t  Point 

Also, during t h i s  period, the complete TFDM cage asserhbly and &ucting 
was checked f o r  a i r  leaks, and non-toxic, non-flammable potting compound 
used t o  f i l l  cracks and voids i n  order t o  reduce a i r  flow loss  and t o  be t te r  
balance the 12 cfm inflow and outYlow design goal. The best balance achie- 
ved was an inflow of l l . 5  cfm and an outflow of 9-0 cfm. 

The photocell l i g h t  source was f i l t e r e d  and the photocell i t s e l f  was 
modified making it insensit ive t o  ac t iv i t i e s  other than cutting the l igh t  
beam by ins ta l l ing  it i n  a small-ape&XCe tube. The system was checked 
md  performance was satisfactory. 

Two copper rings were added t o  the in te r ior  of the r e t r i eva l  canis ter  
t o  improve the  r e l i a b i l i t y  of the "primate i n  canister" signal. Primate 
contact with these electrodes would act ivate  the system, The system w a s  
checked and operation was impraved, 

During the ten day t e s t ,  the AVD portion of the behavioral programwas 
t r ied .  The primate would go t o  the top of the cage, but refused t o  enter 
the  r e t r i eva l  canister.  The X)OO cfm fan was operated and the response of 
the primate was t o  climb on the exerciser device which gave him some sanc- 
tuary from the  a i r  flow, m e  fan was shut off and the primate then entered 

energized a second time and the 2000 cfm fan actuated. Tne primate re- 
peated entry into the r e t r i eva l  canister and the noxious stimulus system 
was shut down. The primate then returned t o  the cage a f t e r  spending some 
time i n  the canis ter* Somewhat l a t e r ,  the  primate voluntarily went into 
the canis ter  and was given a reward. After t h i s  ser ies  of t e s t s ,  the 
primate showed considerable interest  i n  -the r e t r i eva l  canister,  but had 
d i f f icu l ty  i n  entering it. Consequently, a s t e e l  r ing was fabricated and 
instal led i n  the lower end of the re t r ieva l  canister t o  ac t  as a hold. 

The 48 hour t e s t ,  the l a s t  phase of the acceptance t e s t ,  was s tar ted 
27 June 1969. Animal insertion into the cage system took place a t  ;rY)l ' j .  



During the t e s t ,  just pr ior  t o  the  recovery sequence, the avoidance 
task was ini t ia ted.  The f loor  j e t s  were energized and the f loo r  actuated 
with the 2000 cfm fan operating, The primate climbed on t o  t h e  exerciser. 
The system was shut down, the exerciser retracted and the above sequence 
repeated. This time the primate retreated d i rec t ly  t o  the r e t r i e v a l  cani- 
s te r .  A l l  noxious s t m i  were shut dam a d  the food and water l i p  
devices armed f o r  reward. This was the  first time the primate had re- 
sponded t o  noxious stimuli i n  the desired fashion. One hour l a t e r ,  the 
avoidance task was energized through the  behavioral programmer, The 
primate did not respond t o  the  10 kc tone, A t  t h a t  point in t i m e ,  the  
f loor  j e t s  were manualLy started, the f loor  actuated and the 2000 cfm 
fan w a s  r u n  fo r  36 seconds. The primate responded t o  the a i r  j e t s  by 
going d i rec t ly  into the re t r ieva l  canister and stayed there. 

A t  2055 on 29 June 1969, primate r e t r i eva l  was accomplished, complet- 
ing t he  acceptance tes t ing  of the TFDM. 

The t e s t  was successful with the  following exceptions: 

o I n  checking redundant and override functions from the control 
console, it was observed tha t  the 200 cfm fan "low AP" l i gh t  
did not come on when the  fan w a s  shut dam. Several checks 
were made of the equipment, and it was found that  by disconnecting 
the  tube on the high pressure side of the CLP switch, t h e  switch 
bled dawn and did give a "low AP" alarm. This indicated some 
blockage of the tube; however, no blockage w a s  evident i n  the  
exposed tubing. 

o During primate retr ieval ,  one te ther  l i n e  separated from i ts  
negator spring assembly. The operations of cage rol lup and 
deployment were not adversely affected by loss of one te ther .  

o During primate retr ieval ,  the  piston head fa i led  t o  sea t  i n  the  
r e t r i eva l  canister. This problem w a s  traced partly t o  piston 

insufficient chamfering of the  latches t o  accomodate misalign- 
ment. 

The primate's accommodation t o  the  TFDM was excellent and he learned 
t o  work the  behavioral program f o r  food and water. 

The g imate was reluctant t o  enter the r e t r i eva l  canister in  response 
t o  the avoidance warning tone during the ten-day t e s t .  A handhold was 
placed i n  the lower part of the canister and the primate'then responded 
t o  the noxious stimulus follawing the  10 KC tone by entering the  r e t r i eva l  
canister;  he stayed there while the 2000 cfm fan was operating. 



The waste management system worked sa t i s fac tor i ly ,  NH concentration 
was lfss than 0.5 mg/m3 in  contrast t o  an allowable concentlation of 3.5 
mg/m . A i r  biological contamination was less  than one organism per f t3.  

The TV system operated sa t i s fac tor i ly  throughout the t e s t ,  meeting 
the high resolution (O.OIOtt) requirement and a lso  providing wide angle 
viebring sf the cage and primate using the  zoom, pan and tilt functions. 
Some interference was evident from the screens protecting the Mylar films. 

The heating system maintained cage temperature a t  7 7 ' ~  + 1°F' as 
specified, and the air circulation equipment provided the r e a r e d  f l o w  
rates ,  but with a higher noise leve l  than desired ( @ 82 d ~ )  . Replace- 
ment fans were located which would provide l a t e r  sound leve l  ( - 75 d ~ )  
but at  the cost of increased pawer. Delivery schedule problems prevented 
FnstaUation of these fans without a significant delay i n  t e s t  start-up 
a t  N A M I e  The fans now i n  the TFaM represent the closest  match t o  the  
f l i g h t  configuration and power leve l  which could be accomplished using 
"off-the-shelf" components. 

The exercise device operated sat isfactor i ly ,  as did the  behavioral 
task panel. 

The feeder operated without incident, as  did the water system, 
except f o r  microbiological contamination. 

The biomedical and ac t iv i ty  monitoring systems were demonstrated pr ior  
t o  the acceptance t e s t ,  The magnetic ac t iv i ty  monitor appears t o  be 
exceptionally sensit ive t o  solenoid and switch operation. Some inter-  
ference from a loca l  radio s ta t ion  was picked up on the  temperature 
channel, but t h i s  should not be a problem at NAMZ. The sound detection 
system occasionally picks up events not related t o  anFmalvocalization. 

A number of anomalies were observed i n  the operation of the behavioral 

ion t o  be taken during the refurbish- 



REFURBISHMENT AND SHIPPING 

A s  a r e s u l t  of t h e  10-day and t h e  48-hour phases of t h e  acceptance 
t e s t ,  a d i r e c t i v e  from NASA was rec ieved  which acknowledged t h a t  t h e  TFDM 
had succes s fu l ly  completed acceptance t e s t i n g .  However, a l i s t  of 12 i t ems  
were r equ i r ed  t o  be worked off during t h e  refurbishment  per iod  and satis- 
f a c t o r y  performance demonstrated f o r  t he  on - s i t e  NASA r e p r e s e n t a t i v e .  
The t a s k  l i s t  i s  presented  below: 

o Detemnine and c o r r e c t  cause of AP  swi t ch  f a i l u r e  dur ing  
t h e  48 hour t e s t .  

o  Replace t h e  nca l ibra ten  and nruntt po ten t iometers  on t h e  
mass measurement readout  panel .  

o  Complete t h e  i n s t a l l a t i o n  and checkout of t h e  animal 
ncore temperaturefl readout  system. 

o I n s t a l l  t h e  s i l e n c e r  and AP probe f o r  t h e  redundant 
200 cfm fan .  

o  Determine and c o r r e c t  the  cause of t h e  negator  f a i l u r e  
dur ing  cage r o l l  up and r e t r a c t i o n .  

o  Demonstrate and photograph osc i l l og raph  readouts  of 
s i g n a l s  f o r  t h e  NAMI i n t e r f a c e  equipment. 

o  Design and f a b r i c a t e  t h e  necessary l o g i c  t o  have t h e  
exe rc i se  cue l i g h t s  a l t e r n a t e  $ton" and nofflf as a 

o Demonstrate, p re fe rab ly  with t h e  pr imate i n  the  system, 
t h a t  t h e  la tch-up w i t h  the s o l i d  p i s t o n  t o p  performs 
proper ly .  

o  Demonstrate t h a t  t h e  modi f ica t ions  t o  t h e  ttprimate i n  
c a n i s t e r n  i n d i c a t o r  opera tes  s a t i s f a c t o r i l y .  

o  C a l i b r a t e  and i n s t a l l  the  necessary  markings on t h e  
e x e r c i s e r  Ithandle -positiontf meter f a c e .  

o  I n v e s t i g a t e  spur ious  opera t ion  of t h e  voice  operated 
r e l a y  by apparent  e l e c t r o n i c  s i g n a l  t r a n s i e n t s .  



o Replace the ECS exhaust duc t ing  wi th  f i r e  proof o r  s e l f -  
ex t inguish ing  duct ing.  

I n  responsp t,o +his d i r e c t i v e ,  t h e  problems, causes and c o r r e c t i v e  
a c t i o n s  taken  a r e  presented below: 

Pr oh lem 

200 cfm f a n  low A P 
l i g h t  f a i l e d  t o  i n d i c a t e  
f a n  shutdown 

Cage l i n e r  t e t h e r  
p u l l  -out 

R e t r i e v a l  p i s t o n  f a i l e d  
t o  s e a t  i n  r e t r i e v a l  
c a n i s t e r  

Cause Correc t ive  Action 

Plumbing blockage Replumbed and checked 
out OK s e v e r a l  t imes 

Tie-down s e t  screw S e t  screw ho le  r e -  
not  t i g h t  enough tappqd. S e t  screw 

t igh tened .  Swaged 
b a l l  a t tached  t o  
cable  end as backup. 
R e t r i e v a l  system 
operated succes s fu l ly .  

P i s  ton  misalignment, P i s t o n  a c t u a t o r  mount 
i n s u f f i c i e n t  chamfer re-worked t o  improve 
on l a t c h e s  and su r f aces  p i s t o n  alignment wi th  
guiding p i s t o n  t o  r e t r i e v a l  c a n i s t e r .  
s e a t ,  and excessive P i s t o n  guiding s u r -  
0  - r i ng  h a r  dne ss f aces  and l a t c h e s  r e -  

worked t o  have addi -  
t i o n a l  chamfer. S o f t e r  
O-ring i n s t a l l e d .  
P i s ton  s e a t i n g  was 
checked s e v e r a l  t imes 
and then  a  succes s fu l  
r e t r i e v a l  was accomp- 
l i s h e d  wi th  a  l i v e  
primate 

h ighe r  t han  des i r ed  noise  l oca t ed  which can r e -  
( -85 db) duce t h e  no i se  l e v e l  

t o  approximately 75 db. 
Replacement f a n s  can- 
not  be procured i n  
time f o r  90-day t e s t  
b u t  can be r e t r o f i t t e d  
t o  t h e  TFDM. Improved 
sound i n s u l a t i o n  ma-  
t e r i a l  was found which 
may reduce no i se  l e v e l  
b u t  i t  was n o t  s u i t a b l e  
f o r  use i n  c lo sed  
atmosphere system. 



Problem Cause 
P 

Correc t ive  Action 

Spurious opera t ion  of Audio noise sp ikes  from 
voice -operated r e l a y  the  a i r  c i r c u l a t i o n  

system, Location o f .  
microphone i n  cage 
r o o f ,  

Programmer anomalies Noise sp ikes  from 
motors and r e l a y s ,  
l a c k  of bu f fe r ing  
i n  programmer and 
f a u l t y  nclock 
c i r cu i t f l  module i n  
programmer . 

uprimate i n  c a n i s t e r n  Primate must make 
s i g n a l  s e n s i t i v e  t o  contac t  w i th  p o s i t i v e  
animal p o s i t i o n  i n  and negat ive e l ec t rodes  
r e t r i e v a l  c a n i s t e r  i n  c a n i s t e r .  Some 

a t  
do no t  provide 
necessary  contac t .  

Correc t ive  a c t i o n s  
were i d e n t i f i e d  a s  
(1)  no ise  r educ t ion  
i n  capsule  and ( 2 )  
r e l o c a t i o n  of micro- 
phone t o  lower p a r t  
of cage. These could 
not  be accomplished 
i n  time t o  suppor t  
t h e  90-day t e s t .  

The NASA r ep re sen ta t ive  
and LMSC engineer  
diagnosed problems 
and added components 
t o  bo th  suppress  
noise  sp ikes  and t o  
f i l t e r  remaining noise .  
The nclock c i r c u i t l f  
module was rep laced  i n  
t h e  programmer, 
c l e a r i n g  up day -night  
cycle  t ime e r r o r .  
Programmer anomalies 
were f o r  t h e  most 
p a r t  e l imina ted  from 
t h e  system. 

Two a d d i t i o n a l  e l e  c - 
t rode  r i n g s  were pro-  
vided i n  t h e  c a n i s t e r ,  
g r e a t l y  improving 
chance f o r  p r o  
con tac t .  During sub- 
sequent  animal  r e -  
t r i e v a l  t e s t s ,  t h e  
system worked satis- 
f a c t o r i l y .  

I n  a d d i t i o n  t o  t h e  above i tems,  t h e  fo l lowing  add i t i ons  and modi f ica t ions  
were made t o  t h e  TFIN and t h e  c o n t r o l  console: 

o The mcalibratel1 and nrunn potent iometers  on t h e  mass 
measurement system were replaced wi th  h igher  q u a l i t y ,  
more r e l i a b l e ,  u n i t s .  

o I n s t a l l a t i o n  and checkout of t he  animal lfcore temperature11 
readout  system were accomplished. 



o The s i l e n c e r  and AP probe f o r  t he  redundant 200 cfm f a n  
were i n s t a l l e d  and checked out .  

o  Osc i l lograph  readouts  of s i g n a l s  f o r  t h e  NAMI i n t e r f a c e  
equipment were demonstrated and photographed. 

o  Exercise  cue l i g h t s  and a s soc i a t ed  c i r c u i t r y  were modified 
t o  a l t e r n a t e  norm and tlofffl upon reaching the handle s t roke  
and p o i n t s .  

o  Exe rc i se r  handle p o s i t i o n s  were permanently marked on t h e  
c o n t r o l  console meter f a c e  i n  accordance wi th  a  c a l i b r a t i o n  
of t h e  analog output of t h e  e x e r c i s e r  p o s i t i o n  potentiomeker.  

\ 

o The ECS exhaust  duct ing was rep laced  wi th  se l f - ex t ingu i sh ing  
m a t e r i a l .  

o  The 200 cfm fans  and t h e  h e a t e r s  were e l e c t r i c a l l y  i n t e r l o c k e d  
s o  t h a t  f a n  operat ion i s  r equ i r ed  before t he  h e a t e r s  can be 
energized.  

Refurbi  shrnent 

Af te r  completion of t h e  above l i s t e d  i tems,  t he  TFDM disassembly was 
s t a r t e d  i n  p repa ra t ion  f o r  shipment. The waste management system ( s e e  
F ig .  67) was removed, cleaned, and the  u r ine  absorp t ion  m a t e r i a l  r ep l aced  
and impregnated wi th  phosphoric ac id .  While t h e  waste management system 
was removed from t h e  TFDM, t h e  f e c e s  c o l l e c t i o n  conta iner  was removed and 
cleaned.  During t h i s  time the  cage f l o o r ,  cage l i n e r ,  cage backup s t r u c t u r e ,  
and o v e r a l l  i n t e r i o r  were cleaned thoroughly using a germicide mixture 
followed by a wipe-down wi th  a lcohol .  

Tab le t s  were removed from t h e  feeder  and the  i n t e r i o r  o r  t h e  device 

The water tanks were drained and f lu shed  wi th  a sodium hypochlor i te  
s o l u t i o n  and then  purged wi th  f i l t e r e d  d ry  n i t rogen .  The system was then  
r e s t e r i l i z e d  us ing  a 90% C02-10% ethylene oxide mixture.  The tanks  were 
t h e n  recharged t o  capac i ty  with f i l t e r e d ,  h e a t - s t e r i l i z e d  t a p  water.  Water 
samples were subsequent ly found t o  be contaminated with microorganisms. 
An i n v e s t i g a t i o n  i n t o  t h e  f i l l i n g  procedure revea led  t h a t  water backflow 
from t h e  t anks  had ruptured  the  micro-organism f i x t e r  a l lowing e n t r y  of 
organisms i n t o  t h e  system. Because of shipping schedules,  a j o i n t  NASA/LMSC 
dec i s ion  was made t o  s h i p  the  TFDM water system dry .  The tanks  were drained,  
f l u shed  wi th  sodium hypochlori te  s o l u t i o n  and t h e  system d r i e d  wi th  dry  
n i t rogen .  





Shipment 

A s  the TFIM was disassembled, the hardware was prepared for  shipment 
and packaged using p las t ic  covering f o r  a l l  assemblies and then placing them 
in wooden cases. 

Each item was l i s t e d  on the Material Inspection and Receiving report, 
Form DD 250, which.in turn served a s  a by-off document f o r  the haxdware. 

The complete TFDM system, including the control console, was shipped 
t o  the Naval Aerospace Medical Lnstitute, Pensacola, Florida, in  a special  
air-conditioned air-r ide van. Date of shipment was 28 July 1969. 



TErnICAL, FEASIBJLW DrnONSTPIATION TEST 
NAVAL, AEROSPACE MEDICAL INST 

The f i n a l  technical f eas ib i l i t y  demonstration t e s t ,  conducted a t  the 
Naval A e m s ~ c e  MedicaL Lnstitv-te, %nszcohi Florida, was designed t o  
prove the hardware concepts using pr3..mates f o r  extended periods of time. 

Test Preparations 

Hardware instal la t ion .- The shipment arrived a t  NAMI on 4 August 1969, 
(see was moved into an acoustic and RF-attenuating - 
room, &d re-assembly started. Within the  f i r s t  week, the  basic re- 
assembly was completed, as shown i n  Figure 69, The e l e c t r i c a l  interface 
cabling was instal led between the TFm, the  LMSC control console, and 
the NASA-furnished recording racks, A careful bspect ion of the  WIN was 
made t o  insure tha t  the assembly was complete and correct, and tha t  a l l  
e l ec t r i ca l  connections were verified.  The TFCM and console was checked out 
per the  countdown procedures and TFm operation was ver i f ied  t o  be as it 
was when the unit was shipped from LMSC, 

A photo sensor system was added t o  the TFISM a t  the soc ia l  window t o  
record the  primate's ac t iv i ty  a t  t h i s  location. 

.- The Lockheed and Northrop TFIIMts were 
connected a t  the soc ia l  window interface, using a rubber gasket between 
the two t o  prevent a i r  or l i gh t  leakage. 

Both the IMSC and Northrop water systems were s t e r i l i zed  using a 10% 
ethylene oxide - 90% C02 gas m i x t u r e .  The water systems were then charged 
with loca l  t a p  water whlcli had been f i l t e red ,  s te r i l ized  and t reated with 
sodium hypochlorite t o  achieve a f'ree chlorine residual of approximately 
0.5 Ppm* 

f o r  repair.  

Test Operations and Results 

The primate (224) entered the Lockheed capsule on F'riday, 24 October 
1969 f o r  the official, beginning of the Technical Feasibi l i ty  Demonstration. 
During %he first week of t e s t ,  the  top-mounted video camera system fa i l ed  
t o  perform sa t i s fac tor i ly  despite the repairs by the supplier. Attempts 
t o  count and record primate vocalizations were discontinued since major 
noise interferences masked the vocalization events of in te res t .  ALI systems 
essent ia l  t o  primate well-being ( f 00d9 water, l ight ,  temperature control and 
a i r  circulation) continued t o  operate sa t i s fac tor i ly  throughout the t e s t .  





Figure 69 TFm Installed in MAMS Test Chamber 
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The primate l o s t  weight while adapting t o  the conditions of the 
behavioral regimen, The anticipated problem of weak motivating effects  
of water deprivation became apparent mom Media te ly  and more severely 
than expected, By allowing the primate t o  obtain water on an ad- l ib  
basis, h is  weight recovered rapidly. For th i s  reason, t h e  requirement 
t o  work f o r  water was deferred u n t i l  the primate became better adanted 
t o  the  tes t  environment. The implanted ECG transmitter f a i l ed  ea r ly  i n  
the t e s t ,  but t he  decision w a s  made t o  proceed without it due t o  (1) the  
major t i m e  requirement for  re-implantation and (2) the fact tlmt a signi- 
f i can t  amount of information could be achieved using the systems which 
were furctioning satisfactorily. The temperature t ransmit ter  provided a 
signal throughout the tes t ,  however, signal dropout occurred rather fre- 
quently, With the available temperature data, a good circadian ternera- 
ture cycle was apparent. , 

A f t e r  a brief period of ins tab i l i ty ,  the circadian cycle became most 
evident in the primate's activity.  Nearly no movement w a s  detected at 
night. Upon awakening, 224 typically spent several minutes t o  nearly 
an hour i n  the  retrieval canister. A work period ensued typically inter-  
rupted by a l u l l  around mid-day, Mutual grooming seemed t o  be most 
frequent in  the evenings, 224 appeased t o  have d i f f icu l ty  i n  operating 
the esercise device from one extreme posit ion to the other. 

During the second week of test,  224 became much bet ter  adjusted t o  
h i s  l iv ing  conditions. A decision w a s  made a t  t h i s  t i m e  t o  continue the 
tes t  t o  18 December i n  i t s  current configuration, t o  interrupt it at that 
t i m e  fo r  significant modifications, and repair, and then t o  resume t e s t i ng  
for  additional data gathering. 

After 21 days of test ing,  224 had regained 100% of h i s  or iginal  weight, 
and the  primates8 soc ia l  in teract ion increased; they w e r e  observed arm- 
wrestling through the social window opening. 

During the four th  week of tes t ing,  224 was able t o  remove the "0" ring 
seal from the retr ieval  canister. This seal would be used only under f l i g h t  
r e t r i eva l  conditions and therefore did not effect the function of the  
ground-test hard1,rare. It did, however, point out a design deficiency which 
w i l l  have t o  be corrected. Periodic d i f f icul t ies  were encountered during 
t h i s  week w i t h  the day-night illumination cycle controlled by the Northrop 
programer. A t  t h i s  point in the test, fecal material w a s  noted t o  be 
building up i n  the retrieval piston area. 

In  the  course of color photography, an old lesion on 2Z4's foo t  vras 
observed t o  be open; however, treatment w a s  not indicated. 

Initial osci l la t ions i n  water intake which were as large as two days 
i n  duration, were damping out and 224 had reached approximately LO+ of 
h is  i n i t i a l  body r.reight, Both primates appeared t o  be even more act ive 
and generally behavior w a s  sharper on the components of the behavioral 
reg her? . 



After f ive  weeks of testing, 224 weighed 5% more than h i s  previous 
high weight. He continued t o  maintain such a satisfactory weight despite 
completing approximately 400 correct behavior sequences each day i n  order 
t o  earn h is  300 food pe l le t s  ad 100 water d i q u o t s ,  A t  t h i s  point i n  
the t e s t ,  a great improvement was made in the primate temperature te le -  
metry reception by the addition of a noise-rejection c i rcu i t  t o  the  
receiver. 

Test personnel noted that  the odor from the TFDI was offensive, how- 
ever, the primate does not appear t o  be troubled by it. During the  s ixth 
week, white noise and a continuously playing radio were introduced into 
the t e s t  chamber in  order t o  mask camera noise. During t h i s  week, the 
accumulation of f i l t h  on much of the cage inner wall  was beginning t o  be 
most noticeable. Conditions remained essent ial ly  stable from the s ixth 
week t o  the end of the t e s t .  

A summary of major t e s t  resu l t s  on the LbllSC hardware is shown below: 

Cage temperature remained within +l°F of the 7 7 ' ~  s e t  point, 
Water j l iquots were checked beforg and a f t e r  the t e s t  with the 
following resu l t s  : 2.880 m l  (before) and 2.879 m l  ( a f t e r ) .  
Primate health a f t e r  the  t e s t  was good and he had gained 
about 576 i n  body weight during the t e s t .  Correlation between 
animal weight and mass measurement system indication: 7.365 Kg 
actual  vs  7.4 as indicated by the mass measurement system. 
Primate major locomotion ac t iv i ty  was primarily from the  f loor  
area t o  the  re t r ieva l  c m i s t e r  and back. 
Hair loss  on the primate was l e s s  than it appeared t o  be v i a  
video viewing. New ha i r  growth over surgical areas was approxi- 
mately 1" long. 
The primate did a good deal of picking and chewing on the cage 
and apparatus; he was able t o  pick out one rubber s e a l  used in 
the  r e t r i eva l  canister,  
The primate operated the feeding and watering l i p  switches almost 
e x c l u s i v e l ~  with h i s  mouth. 

The exercise unit  did not appear t o  be consistent i n  regard t o  
the  operating force required and the force required i s  larger 
than desired. 
During tlie t e s t ,  the top viewing TV camera did not provide the 
quality observed prior t o  delivery t o  NAP4I. This problem was 
recognized early in  the t e s t  and a decision was made t o  proceed, 
using the combined top and side TV views f o r  animal coverage. 
After the t e s t ,  the ent i re  camera system was returned t o  the 
manufacturer fo r  complete servicing. 
The capsule exhaust-gas odor leve l  was objectionable t o  t e s t  
personnel, but had no apparent effect  on the primate. Inclusion 
of the ECS charcoal i n  the waste management system wicks rather 
than in  the ECS process loop i s  indicated, 



Biological tes ts* on the water supply using the Standard Millipore 
F i l t e r  Method f o r  the  ident i f icat ion of co l i fom group organisms 
were negative throughout the  t e s t ,  Blood agar plate samples were 
posiehve f o r  grarth of the following organisms on the dates 
indicated: 

10-16-69 B ~ C ~ X L U S  spp. 
10-23-69 ~ a c i ~ u s  spp. 
10-30-69 Unidentified gram neg, rods 
U-6-69 Staph, Streptowces and gram neg. rod 
U-14-69 - Staph and Streptoxnyces 
ILL-24-69 Gram neg, rod, TNTC 

* A l l  data 

G r a m  neg. rod, TNTC; Identified as Pseudomonos spp. 
Pseudomonos spp,, TNTC \ 

Pseudomonos spp , , TNTC 
Pseudomonos spp. 

from Naval A i r  Station, Pensacola, Florida. 



The T W  Prog proved tha t  harWel*e can be desiegaed aad fabricated 
t o  sat is%actssi ly interface with and supwst; w e s t m h e d  p s d t e s  for 10% 
durations. This can be done with existing s t a t e  of the art techniques, 
but additional developnent w i U  be required prior t o  producigg f l igh t  
des iws. 

rized belm are  the f i n d w s  of the TFIIBS develoment and t e s t  
program: 

Conclusions 

The general feas ib i l i ty  of conducting an experiment of t h i s  
aature was established. 
Significant problems exis t  with e lec t r  e t i c  noise inter-  
ference with the biotelemetry system. 
The water system becomes coatsminated with a variety of organisms, 
probably by grcmth fram the l i p  device back t o  the water tank. 
This contamination was not sufficient t o  came di f f icul t ies  t o  
the animal or  t o  the water system harclware. 

ement system absorbed urine sat isfactori ly.  Some 
ldup was observed in the re t r ieval  piston area, 

but it did not e e r  the primate or  interfere with system 

a concentration in the capsule wets held below the 
allcuable concentration, but the odor level  in the capsule was 
higher than anticipated. This did not appear t o  a f e c t  the primate. 
Noise from the TV pan, tilt and zoom sys-t;emwas distracting t o  the 
animal and made it impossible t o  c the viewing angle and/or 

if ication without evoking a r e from the primate. 
The cage rollup and re t r ieval  concept was demonstrated and prwed 
satisfactory, but a nar sea l  design is required f o r  the  re t r ieval  
canister. 
Floor louver spacing proved satisfactory, allowing feca l  material 
t o  pass into the colLection container. 
The exercise uni t  did not appear Lo be consistent in regard t o  the  
operating force required and the force required is larger  than 
desired. 

o The feeder, of bulk food storage desigm, proved very satisfactory 
and reliable.  

o The water system t e, valving and aliquot accumulators praved 
satisfactory and r l e  . 

o Retrieval canister "primate in canister" sensor did not prave 

vocalization sys tm perf o e was b e l w  the design goal. 
o Pan noise i s  excessive. 
o Protective screens f o r  the WLar f i h  system are too prodnent 

in the TV p i c t m .  



Re c m e n d a t  ions 

o Deternline the sources of noise entering the biotelemetry system 
at the  NMdI t e s t  s i t e .  Determine a t  what point in  the biotele-  
metry system the noise i s  entering the system, such as antenna or 
?re-amplifier, and isolate  the noise a t  t ha t  point, Consider 
muving the biotelemetry receivers from the control console to 
the  TFDf structure, where they would be closer t o  the receiving 
antenna. 

o Consider high temperature water storage t o  prevent microorganism 
growth and/or W treatment of water in the delivery l ine  as  close 
t o  the  l i p  device as  possible. 

o Include the ECS charcoal i n  the waste management system wicking 
t o  reduce the odor leve l  i n  the ewe. \I 

o Reduce the noise in  TV pan and tilt system by the use of f ibe r  
gears and rubber shoclr isolation mounting of the complete 
assembly and the motor drive system. 

o Rework the exerciser uni t  using ground tubes with very close 
tolerance control. Replace pulleys and be l t s  with precision 
gears. Design special  constant-force spring t o  counter tube 
mass and system fr ic t ion.  

o Replace exist- "primate i n  canister" sensor with a minimum 
of four photo ce l l s  a t  various levels i n  the re t r ieva l  canis ter  
a t  45O cloclring . 

o In the  animal vocalization system, use a continuous running 
endless tape f o r  recordings and t ransfer  primate vocalizations 
t o  a second recorder which would operate only when required. In 
t h i s  way, the f i r s t  sound emitted would be recorded, Reposition 
the pickup micro~hone away from the existing fans and nearer t o  
the behavioral task panel. Lower fan background noise by using 
squi r re l  cage Pans i n  the 200 cfm a i r  loop. This would lower 
the  sound leve l  t o  approximately 75 dB, however, about twice 
the e l ec t r i ca l  pover i s  required. 

It i s  fur ther  recommended tha t  the existing bulk storage feeder be 
e i ther  flown onboard a zero-g a i r c ra r t  or  b 
p s i t i o n  under one-g conditions t o  achieve 
zero-gravity performance of t h i s  system. It i s  also recommended tha t  
a model of the  waste management system be flown on board a zero-g air- 
c ra f t  fo r  performance measurements i n  the zero-g environment. 

The r e su l t s  of t h i s  program f u l l y  support the fac t  t ha t  the  design 
and fabrication of hardware t o  support long-duration orb i ta l  t e s t ing  of 
unrestrained primates i s  possible within the  existing s t a t e  of the a r t .  
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This report; s ~ i z e s  the design, fabrication and tes t ing  sf 
a Technical Feasibi l i ty  Demonstration Model (TFIM) of a one-primate 
configuration of the Orbiting PrFmate Experiment hardware previously 
reported in  CR-66520. The TFIlM has provisions f o r  supporting a 6 1% 
rhesus monkey i n  an unrestrained fashion f o r  a period of one year. 
Subsystems include: feeder, waterer, waste management, air circulation, 
temperature control, TV and illumination, behavioral programer and 
associated task equipment, biotelemetry of ECG and temperature, detection 
of primate ac t iv i ty  and vocalizations, primate mass measurement and 
automatic primate r e t r i eva l  a t  experiment conclusion. Among the t e s t s  
reported a re  feeder vibration ( SI-B launch), accelerated one-year l i f e  
tes t ing of the  feeder and waterer and acceptance t e s t s  a t  W C ,  and 
a 56-day primate t e s t  conducted a t  the Naval Aerospace Medical 
Ins t i tu te ,  Pensacola, Florida. 




